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PREFACE

This book is intened to serve as a reference and as a
textbook for advanced courses in avian nutrition. It gives
information on the chemical profile, digestion & metabolism of
nutrients. A major emphasis is placed on antinutritional factors,
feed additives, feed processiagd ration formulation. Chapters
are included on feeding management of different species of
poultry. The text is well illustrated with tables and photographs.
In addition it includes nutrient requirements for different classes
and species of poultry.

| strongly believe that this book will bring up comfort and
practical help for those individuals engaged in the poultry
industry. | still look forward to suggestions, comments and

healthy criticism for the fortdtoming edition.

Javed |. Sultan
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PART
ONE



Chapter 1

In a successful commercial poultry operation, balanced
and cost effective feed formulation is the key to success as feed
price accounts up to 77% of total production cost. A very precise
feed formulation is required for the provision of long list of
nutrients. There are numbers of considerations (Figure 1), which
a nutritionist must emphasize while formulating a ration for a

flock.
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Figure 1. Factors affecting avian nutrition

The diet of avian species contains hundreds if not
thousands of different atecules, but the bulk of the ingested
nutrients are in the form of huge macermlecules that cannot be




absorbed into blood without first being reduced to much simpler
and smaller forms; even sucrose cannot be absorbed without first
being enzymatically riped apart into glucose and fructose.
Chickens use feed for two main purposes, firstly, as an energy
source to maintain body temperature and to carry out activities
such as breathing, walking, eating and digesting the feed, and
secondly as building materiédr the development of bone, flesh,
feathers and eggs.

Any chemical substance that provides nourishment to the body is
known as nutrient. There are six basic classes of nutrients, each
of which serves a specific need. These include

Water
Carbohydrates
Proteins,
Lipids,
Minerals and
Vitamins.

[t et ent Y an N et i e

They will be discussed in detail in fadoming chapters.



Chapter 2

Water

Water accounts for 55% to 80% of the body weight of a
chicken, about 79% of the body of chick and 65% of the egg
(Swick, 1998) About 70% is inside the cells and 30% is in fluid
surrounding the cells and in bloods the bird gets older, the
percentage changes, but not the need for water. A chick needs a
constant supply of fresh and clean water to stay healthy. 'tt can
drink a bt of water at one time; therefore, it has to drink often.
However it is not considered in ration formulation because it
does not have any calorific value but it is most essential nutrient
as bird can live for weeks or months without other nutrients, but
will die within days without water. The body has access to water
from 3 sources.

1. Drinking water
2. Water in feeds
3. Metabolic water

1. Drinking water:

The need for water as a nutrient should not be under
estimated. It is not necessary only to make water dlailaut
guality should also be maintained. Quality, as dictated by number
of factors (pollutants, minerals, pH etc.), is as important as
availability. A particular problem of drinking water is salinity.
Dissolved salts can affect the intake of water. Téneels of
different salts can also effect production. There are several
factors affecting water intake, includes, climatic condgjon
species and physiological status, the amount of water required
by the various classes of different avian species (/1@%)oare
given in table 1



2. Water in feeds

It is the water available from feeds. Usually the water
content of finished feeds varies from1B%. In Pakistan it is
usually avoided to give feeds to chicken soaked in water. But the
wet feeds are still préced in many parts of the world. These
types of feeds are usually provided to psittacines and pet birds.

3. Metabolic water.

It is the chemically bound water, whichreleased during
metabolic processes. This amount varies with type of nutrient
e.g.0.6g water is released per grarhcarbohydrates consumed
as compared to 0.4 and 1g water per gram of protein and fat
consumed, respectively. However there are some losses of water
in the oxidation of both proteins and fats.

Water is used for the excreticof nitrogen produced in
the deamination process of proteins thus reducing the net
availability of water. The oxidation of fats requires increased
respiration. Water is lost from the lungs during this increased
respiration and thus net yield of water pmodd from fat is less
than that from the oxidation of carbohydrates.

Table 1. Water requirement for various classes/species of poultry (per 100
birds)

Species | Condition Age Water quantity
(weeks) (L/day)
Chickens 1-3 2-10
3-6 6-14
6-10 12-18
9-13 16-22
Mature Nortlaying 20+
Mature Laying 20-32
Turkeys 1-3 4.512
4-7 16-34
9-13 3557
1519 64-66
21-26 52-60

(Ensmingetret al.,1990)



Functions of water.

Water is a solvent for number of chemicals, which can

subsequently bdetected by taste buds. In body water acts

U As a lubricant

U As a constituent of synovial fluid, lubricates joints

U As a component of cerebrospinal fluid, provides cushion for
nervous system; and, involved with sighhda provide
lubrication for eyes

U Water is an important transport medium for various
substances, which serve to nourish the cells andwvem
waste products out of body

u It also assists the thermoregulation in body and helps to
control temperature ithermoneutral zone

The total body water irotved in all of hese functions is
contained in two major compartments in the body. The
extracellular water, which is present outside the cell, comprises
20% of the body weight and the intracellular water, which is
present inside the cell, constitutes 46fthe total body mass.

Water consumption:

Water intake increases with ag&fater consumption can
be affected by feed type, stage of production, growth, health
status and environmental temperature. Water requirements of
poultry are often crudely estimatédy multiplying the amount of
feed eaten by 2 (e.g. 1kg feed: 2L of water). Under hot
conditions however, they will drink substantially mavater (up
to twice as much). Water consumption increases by
approximately 7% for each 1°C above 21°C (Swick, 199Bis
will be greater if the water is cooler than the air and less if the
water is warmer than the air.



Water quality :

Water quality is determined by analysis of water. A
bacterial analysis indicates if water contains microorganisms,
such as bacteriavhich may be harmful. A chemical analysis
determines the levels of various minerals present in water. Water
quality is an important consideration when planning to raise
birds. Measurements of water quality include the items shown
below. In some cases amntrations, which may be of concern,
are mentioned.

1. Filterable residue (mg/L)

Filterable residue or total dissolved solids (TDS) is the
main indicator of water quality. The TDS includes all of the
dissolved minerals in the water. Its effect on ®idll depend
upon specifically, which mineral is present. Water with a TDS of
less than 1,000mg/L is acceptable for all classes of livestock.
Between 1,000 and 7,000mg/L the effects of TDS are less clear
cut and may range from no noticeald#fect to temprary
diarrhea andlecreased productivityf the TDS is between 7,000
and 10,000mg/L, serious health problems can develop and water
refusal by livestock can occur. Water with a TDS over
10,000mg/L should not be used for animal consumption (Table
2).

Any mineral can elevate TDS, e.g., Ca and Mg contribute
to TDS, but have very different physiological effects compared
to sulfate, another contributor to TDS. The concentratioins
mineral salts, which producggnificant reductions in growth or
significant ircreases in mortality, are shown in table 3.



Table 2. Guidelines for the suitability of water with different
concentrations of total dissolved solids (mg/L)

Total dissolved Water quality
solids
Less than 1000 Considered low; Excellent for all classdgoultry
10002999 Very satisfactory for all classes of livestock g

poultry. Watery droppings in poultry may be notic
in birds not accustomed to this level of salinity

30004999 It is poor water for poultry. Watery dropping
increased mortality ahincreased morbidity associat:
with poor growth may occur. Turkeys are particulg

susceptible
50006999 It is not suitable for poultry
7000:10,000 Not fit for poultry

More than 10,000 | Not fit for any class of livestock

(Runyan, 1996)

Table 3. Conentrations of mineral salts in drinking water (g/L)
associated with reduced growth and increased mortality in newly hatched
chicks

Species | Mineral Reduced | Increased References

salt growth mortality

Chickens NaCl 7 7 Kristaet al.(1961)

NaCl 5.6 7 Conna et al.(1969)

CaCl, 3.9 7.8 Connoret al.(1969)

MgCl, 2.6 5.6 Connoret al.(1969)

NaSO, 5.7 8 Connoret al.(1969)

MgSQ, 8.7 >10.6 Connoret al.(1969)

(Balnave, 1988)

It has been suggested that greater than 1500 mg/L is
unacceptable for pdts less than -8veeks of age; greater than
3000 mg/L is not good for chicks and ducklings; greater than
4000 mg/L can cause an increase in wet droppings in hens and
turkeys; and greater than 7000 mg/L is not acceptable for any
avian species.

2. Water pH:

The hydogen ion concentration is expressedpH. A pH
value of 7.0 indicate$neutral water. Values less than 7.0 are



increasingly acidic and values greater than 7.0 are increasingly
alkaline. Most water falls within an acceptable range of 6.5 to
8.5

Water pH is an important factor in determining the effectiveness
of various water treatments. Chlorination efficiency is reduced at
a high pH. A low pH may cause precipitation of some-anti
bacterial agents delivered through the water system. For
example,sulphonamides are a particular concern as precipitated
medication may leak back into the water after treatment has
ended, contributing to potential sulphur residues in carcasses.
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3. Salinity:

Salinity is a measurement of the different salts in the
water, and the term is often used interchangeably with TDS.
Because there can be various mineral salts present, the effects on
birds will vary. Saline water has been found to have a negative
effect on poultry performance. Egg shell quality in breeders and
layers is rapidly reduced being noticeable withi6 weeks in
young pullets and within a few days in older héBsinave,



1996). Poor egg production, high embryonic death, increased

cracking and poor hatchability have been observed. The adverse
effects inhens do not appear to be reversible. Egg defects from

hens exposed to saline water do not improve after being returned
to normal water. Table 4 describes the effect of saline water on

egg shell quality.

Table 4. Effect of saline water on egghell quality

Chloride

Performance <14mg/L 420mg/L
Egg weightg 60.9 60
Egg shell weight% 9.57 9.03
Egg shell break strengtb, 2852 2030
Egg shell thicknesgim 392 355
*_(P<0.01),
* . (P<0.001) (Balnave,1996)

4. Sulfates, nitrates and nitrites

Sulfates have a laxative effect on birds and can cause wet
litter if concentrations are greater than 500 mg/L. Birds may
build up a resistance to this effect. It has also been suggested that
concentrations greateghan 500 mg/L are not suitable for poults
and greater than 1500 mg/L are not good for chicks.

The presence of nitrates and nitrites may indicate bacterial
contamination from human or livestock waste and/or
decomposing animals. In large quantities thell affect the
capability of blood to carry oxygen and can be toxic. The
recommendations for maximum nitrate concentrations vary.
Some indicate that concentrations of less than 300 mg/L nitrate
nitrogen should be tolerable for poultry, while others suggest
maximum of 50 mg/L.

5. Iron and other elements

Iron (Fe) in water may stain equipment and laundry, and
affect the taste, but is not generally considered a health risk for
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poultry. Iron may block pipes and drainage, but are not directly a
threat to lrd's health. Excessively high or low concentrations of
other chemicals can produce recognizable symptoms. Excessive
amounts of manganese (Mn) can produce a flavor problem. Too
much copper (Cu) can give the water a bitter taste and may cause
liver damageHigh phosphate levels may indicate contamination
from sewage. Calcium does not seem to have any negative effect
at levels as high as 400 mg/L, and it appears that a level of 350
mg/L or more may be desirable.

11



Table 5. Maximum acceptable levels of contamants in water for poultry

Contaminant Average Maximum Comments
level acceptable level

Bacteria, count/ml

Total bacteria 0 100 0/mlis desirable

Coliforms 0 50 0/mlis desirable

Nitrogen compounds, mg/ml

Nitrate 10 30 Performance affected aboy
50mgml

Acidity and hardness

pH 6.87.5 - High or low may degradé
medicaments or caus
precipitation of minerals ir
water lines

Total hardness| 60-189 <60 water is soft; >180 wate

mg/L is hard

Minerals, mg/L

Calcium 60 100 Binding with tetracyclines;
precipitation in water systemg
bacterial buildup; high levels
may alter nutrition

Chloride 14 250 If Na is high, low Cl may be
detrimental; high NaCl may
reduce performance an
reduce egg shell quality

Sodium 32 50 If sulfate or CI is high
performance wilbe reduced

Sulfate,mg/ml 125 250 Laxative effect with high Mg,
fast bleeding and edema

Copper 0.002 0.6 Higher levels produce a bitte
flavor

Iron, mg/ml 0.2 0.3 Precipitation  clogs wate

systems; higher levels produc
a bad odor and taste

12
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Chapter 3

Carbohydrates

Carbohydrates are the organic compounoisiposed of
carbon, hydrogen and oxygen and include sugars, starch,
cellulose and gums etc. The diversity of dietary carbohydrates
necessitates discussion of several classes of these molecules,
ranging from simple sugars to huge, branched polymers.
Monosacbarides or simple sugars are either hexosez(bon)
like glucose, galactose, fructose and mannose, or pentoses (5
carbon) like arabinose, ribose and xylose. These are the
breakdown products of more complex carbohydrates and can be
efficiently absorbed @oss the wall of the digestive tract and
transported into blood. The other monosaccharides are trioses
(dihydroxy acetone phosphate), tetroses (erythrose) and heptoses
(sedoheptulose). The trioses and tetroses occur as intermediates
in the metabolism of tber carbohydates. Disaccharides are
simply two monosaccharidelinked together by a glycosidic
linkage. The most important disaccharides in nutrition are lactose
or "milk sugal (glucose + galactose), sucrose"table sugar
(glucose + fructose) and nbase (glucose + glucose).
Oligosaccharides are relatively short chains of monosaccharides,
which typically are intermediates in the breakdown of
polysaccharides to monosaccharid®alysaccharidesare the
most abundant dietary carbohydsafer all exceptvery young
animals. Therare twoimportant storage polysaccharides, each
of which is a large polymer of glucose:

1. Starch:

It is a major plant storage form of glucose. It occurs in 2
forms: a-amylose, in which the glucoses are linked together in
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straight chains, and amylopectin, in which the glucose chains are
highly branched. Except for the branch points of amylopectin,
the glucose monomers in starch are linkeda(i&4) glycosidic
linkage, which are hydrolyzed by amylases.

2. Glycogen:

It is the large polymer of glucose and is the major animal
storage carbohydrate. Like starch, the glucose molecules in
glycogen are linked together ly1-4) glycosidiclinkage.

NON-STARCH POLYSACCHARID ES:

The fiber component of the grain consists primarily of
nonstarch polysaccharides (NSP), which is, in cereals form part
of the cell wall structure. The role of fiber in monogastrics diets
has attracted much attention in recent years, due to the facts that,
soluble NSP elicit antnutritive effects, and utilizeon of NSP as
a feed material in mgastrics is very poor. These tiaxtors
are of significant concern because of the increasing population of
world as compared to the static food production. More efficient
utilization of potentially utilizable nutrieatfor food production
is therefore of paramount importance to the sustainability of
agriculture in the future.

Monosaccharides commonly present in cereal cell walls are D
glucose, Dgalactose and Imannose (hexoses):drabinose and
D-xylose (pentoses)nd, D-galacturonic acid, Bjlucuronic acid
and its 40-methyl ether (acidic sugars).

The term NSP covers a large variety of polysaccharide
molecules excludinga-glucans (starch). The classification of
NSP was based originally on the methodology used for
extraction and isolation of polysaccharides. The residue
remaining after a series of alkaline extractions of cell wall
materials was called cellulose, and the fraction of this residue
solubilized by alkali was called hemicellulose. The word
hemicellulose \as adopted because early researchers mistakenly
regarded these polysaccharides as the precursors of cellulose.

14



This is now known to be incorrect but the term is still used. Some
workers used the terms hemicelluloses and pentosans
interchangeably becauseetlpentoseontaining polysaccharides
make up the bulk of hemicelluloses (Neukah al., 1967,
Neukom, 1976).

Chemical structure of nonstarch polysaccharides
(NSP):

Cellulose:

Cellulose is the most abundant organic compound in
nature, comprising over08o of all the carbon in vegetation. It is
the major constituent of plant cell walls and of high molecular
weight Celluloseis composedof 7,00810,000 glucose units
(Goring and Timell, 1962). Individual cellulose chains lie side by
side in bundles, heldogether by hydrogen bonds between
numerous neighborin@H groups, to form d'ribbontlike" two-
fold helix (Gardner and Blackwell, 1974; Figure 1) as compared
to straight chain starch molecules. Cellulose is believed to be
identical in chemical compositioegardless of the source, and it
is insoluble in water and aqueous solutions of alkalis. Cellulose
in cereal grain cell walls can be recovered from the insoluble
residue left after vigorous extraction of cell wall material matrix
components with alkalis (Mas and Stone 1973a).

CHoOH CHo,OH CHoOH CHoOH
okl y K oky
o
p1-=-4 bond x1->4 bond
(cellulose) (starch, glycogen)

Figure 1. Chemical structure of cellulose, starch and glycogen
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Pentosans (arabinoxylans, xylans)

The structures of cereal pentosans (arabinoxylans) are
conposed predominantly of twpentoses, arabinosadxylose,
and their molecular structure consist of a linea#)b-xylan
backbone to which substituents are attached throygan@® Q
atoms of the xylosyl residues (Perlin, 1951). The substituents are
single arabinose residues, hexoses and hexuromls #€incher,
1975), phenolics and proteins (Geissmann and Neukom, 1973a;
Neukom, 1976). Most of the arabinoxylans in cereal grains are
insoluble in water because they are anchored in the cell walls by
alkali-labile esteilike crosslinkages rather than bya simple
physical entrapment (Mares and Stone, 1973b). But the
arabinoxylans not bound to the cell walls can form highly
viscous solutions and they can absorb about 10 times whter
their weight

Arabinoxylans can rapidly develop a gel network in the
presence of oxidative agents like hydrogegroxide/peroxidase
(Geissmann and Neukom, 1973a, b). This gel formation
coincides with disappearance of feruloyl groups. Fully developed
crosslinked arabinoxylans can hold up to 100g of water/g
polymer (lzydorczyket al., 1990). Besides establishing covalent
crosslinks arabinoxylans may also forfjunction zones by
inte-molecular hydrogen bonding between -substituted
regions of the xylans backbone (Fincher and Stone, 1986). This
nortcovalent interaction of araioxylans may be of great
importance in determining their conformational changes and
solubility properties, and hence their amtitritional activities.

Pectic polysaccharides

The term pectic polysaccharides refer to galacturonans or
more commonly rh@ano galacturonans in which {4)-aD
galacturonan chains are interrupted at intervals by insertion of (1
2)-a-L-rhamnose residues. Other constituent sugars attached as
side chains include falactose, tarabinose, Exylose, and less
frequently L-fucose ad D-glucuronic acid. Most of these sugars
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occur in short side chains, althoughgBlactose and-arabinose

are often found in multiple units (Choct, 1997). Extremely
complicated side chains containing neutral peptitymers such

as galactans and arabinang/loglucans and galactomannans
have been reported. Pectic polysaccharides are found in cell
walls of stems and leaves of cereals.

Mannans:

In some plant cell walls glucomannans and
galactomannans may be present as the majorcelulosic
hexosans. Té glucomannans are comprised of4{ib-linked
glucose and mannose units, whilst the galactomannans consist of
a (1-4)-b-mannan backbone substituted with single units {1
a-galactose (Choct, 1997). Glucomannans have been found as a
minor component icgereal grains. No evidence has been reported
for occurrence of galactomannans in cereal grains (Meier and
Reid, 1977). Glucomannans have been found as a minor
component in cereal grains (Mares and Stone, 1973a; Fincher,
1975).Table 1 shows the NSP contemtnd estimated-mannan
content of different feedstuffs.

Xyloglucans

Another unusual group of NSP, xyloglucans, has been
found in rice (Shibuya and Misaki, 1978). The structure of
xyloglucans is a (#)- b-linked glucan backbone with single
units of axylose attached to thes@toms of the main chain. The
physicochemical properties and nutritional activities of these
NSP are yet to be established.

Table 1. Nonstarch polysaccharide andb-mannan contents (%) of
different feeds (on DM basis)

Non-starch
Polysaccharides Estimated-b-mannans
Barley 12.6 0.5
Corn 11.7 0.1
Lupine seed meal 34.8 0.4
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Potato 5.1 0.06
Soybean meal 22.7 1.2
Wheat 11.9 0.1
Wheat bran 33.7 0.07
Whole peas 13.8

(Chesson, 1987)

Quality & quantity of NSP:

The NSP content varies not only between different
ingredients, but also within the same ingredient due to variety
and geographical location where it is grown. However ntlae
structural feature of the NSP in a particular ingredient is not
affected by environmental or varietal factors.

Other unusual ingredients:

The byproducts of roots and tubers, vegetable oil sources
such as coconut (copra meal) are used as pos$sédeesources.
Copra meal is the residue of coconut oil production. Its use in
monogastric diets is limited due to a very high level of NSP
(Purwadariaet al., 1995). It contains about 48% of NSP,
which consist predominantly of mannans (galactomaniaals
mannans), just over 10% cellulose and trace amounts of other
polymers (arabinoxylogalactans, arabinomannogalactan and
galactoglucomannans; Saittagarosmnal., 1983; Zamoraet al.,
1989).

Anti -nutritional effect of solubleNSP:

The NSP include a rge of compounds possessing
different physicochemical properties. Their nutritional effects in
monogastrics are diverse and, in some cases, extreme. It is,
however, generally conceded that the major detrimental effects
of NSP are associated with the visconsature of these
polysaccharides, their physiological and morphological effects
on the digestive tract and the interaction with the microflora of
the gut. The mechanisms include altered intestinal transit time,
modification of the intestinal mucosa and bas in hormonal
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regulation due to a varied rate of nutrient absorption (Vahouny
1982).

1. Viscosity.

The viscosity of NSP depends on their solubility and
molecular weights. Generally, high gut viscosity decreases the
rate of diffusion of substrates éuligestive enzymes and hinders
their effective interaction at the mucosal surface (Edweatds.,
1988; Ikegamiet al., 1990). Soluble NSP interact with the
glycocalyx of the intestinal brush border and thicken the- rate
limiting unstirred water layer aofhe mucosa, which reduces the
efficiency of nutrient absorption through the intestinal wall
(Johnson and Gee, 1981). The fact that the viscous property of
NSP is a major factor in the amtutritive effect of NSP in the
diet of monogastrics is supported biye widespread use of
enzymes. The enzymes cleave the large molecules of NSP into
smaller polymers, thereby reducing the thickness of the gut
content and increasing the nutritive value of the feed (Bedford
al., 1991; Choct and Annison, 1992).

2. Modification of gut physiology:.

The soluble NSP cannot only act as a physical barrier to
nutrient digestion and absorption by increasing gut viscosity, but
also change gut functions by modifying endogenous secretion of
water, proteins, electrolytes and lipi¢dohnson and Gee, 1981;
Angkanaporn et al.,, 1994). The changes in the gut are
characterized by enlargement of the digestive organs and
increased secretion of digestive juices, accompanied by a
decrease of nutrient digestion. The ability of certain NSBirtd
bile salts, lipids and cholesterol is also well documented
(Vahouny et al., 1980; Vahouny et al., 1981). This property of
NSP may influence lipid metabolism in the intestine.
Furthermore, viscous NSP can enhance bile acid secretion and
subsequentlyasult in significant loss of these acids in the feces
(Ide et al., 1989; Ikegami et al., 1990). This, in turn, can result in
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increased hepatic synthesis of bile acids from cholesterol to
reestablish the composite pool of these metabolites in the
enterohepigc circulation. The continuetdrain' of bile acids and
lipids by sequestration, and increased elimination as fecal acidic
and neutral sterols, may ultimately influence the absorption of
lipids and cholesterol in the intestine. These effects could lead to
major changes in the digestive and absorptive dynamics of the
gut, with consequent poor overall efficiency in nutrient
assimilation by the bird.

Future options for NSPin monogastric diets

The antinutritive activity of soluble NSP with well
definedchemical structures, e.g., arabinoxylans brglucans in
cereal grains, is eliminated effectively by supplementation of the
feed with xylanases anf-glucanases which cause a patrtial
depolymerisation of the NSP to smaller polymers so that their
ability to form highly viscous digesta is greatly reduced.
Enzymes capable of effectively cleaving various pectic
polysaccharides are, howevert y@be produced.
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Chapter 4

Protein and Amino Acids

Dietary protein is important for maintenance, growth and
development.Proteins are polymers of amino acids linked
together by peptide bonds. The chain length of protein varies
tremendously. Very short proteins, typicall@ amino acids in
length, are callegeptides Although very small peptas can be
absorbed to a limited degree, for all intents and purposes,
proteins must be reduced to single amino acid before they can be
absorbed. Protein chain may contain minerals (hemoglobin high
in iron, casein high in phosphorus) or lipids (lipoproteias.
cholesterol) or carbohydrates {glycoproteins, e.g. antibodies,
antigenic determinants (portion of an antigen, which antibodies
recognize and bind to)}.

Enzymes thatause the break down péptide bonds and
reduce proteins or peptidesdmino aailsare called proteases or
peptidasegFigure 1). All living organisms, from viruses to man,
require protein for structural units and for metabolically active
compounds called enzymes. These are made up of amino acids
that are linked together in specific@angements; each particular
sequence creating unique and 3dimensional structures, as
required for the proper function of the protein.

H H H peptidase H H
H—ﬁ@ﬁ—ﬁ@ﬁ—ﬁ C-0H [ H—ﬁ@ﬁ—ﬁ@ﬁ—ﬂﬂ u
0‘ D‘ 0 0 0 |G
H-1r C—0H
peptide bonds 0

Figure 1. Peptidase action
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Functions:

The amazing array of functions performed by prtei
includes
U Muscle contraction (actin and myosin filaments),
U Nucleic acid synthesis {deoxyribose nucleic acid (DNA) and
ribonucleicacid (RNA)}
U Digestionand metabolism dbod with the help of enzymes
U Stimulationand regulatn of growth with hormones
U Protein in the form ofmmunoglobulirs helps to deactivate
antigens
U0 Play important role in collection and processiafj light
during vision process
U Involved in the formation of various functional structures
required for life processes like heart, lutigsr etc.
U As a component dfair/skin it protects the body.

Amino acids (AA):

Amino acids are the building blocks of proteins. These
are simple organic compounds that contain a central carbon to
which is attached a carboxyl group (COOH), an aminaigro
(NH), and a side chain of varying complexity. The side chains
determine the AA's identity. Physical and chemical
characteristics are derived from sequence and linkagesAof
chain, which is controlled by DNA. Amino acids link together by
way of peptidebonds, which result when the carboxyl group of
one amino acid binds to the nitrogen group of another. In the
chickens body, proteins contain 22 differefAfAs, all of which
are needed for health. Plants and many bacteria are able to
synthesize their ownnaino acids. There is no d®vo synthesis
of AA in birds and higher mammals so theaee dietary
essential.
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Indispensable& dispensableamino acids

Indispensabl@mino aids (IAA) are those, whickare not
synthesized irthe body ofchickenso they nust be exogenously
added in the dieDispensableamino acidgDAAs) can be made
from IAA within the body. However these too are often supplied
in the ration so that the bird does not have to use up energy in
synthesizing them.

There are several hundrachino acids exigtg in nature,
but only 2025 are found in plant and animal protiiMost of
the simple stomach animals require PAlin the diet because
they are unable to synthesize them, including phenylalanine,
valine, tryptophan, threonine, isolene, methionine, histidine,
arginine, lysine and leucine. Cystein and tyrosine are -semi
essential inthe sensethat they can be synthesized from
methionine and phenylalanine, respectively. The oft%s can
be synthsized from other compounds aelAl therefore referred
asDAAs.

Indispensable Amino Acids:

Names Structural Formulas

Valine CHa

™
CH—CH—COOH
CHi~" |

MH2

Leucine CHa-._
_»CH—CH:—CH—GCOOH
I
NH:z

CHa

Isoleucine CHz-._ c e 00
=CH—CH— H
CzHs™™ |
NHz
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Lysine HzN—ﬂHz—CHz—CHE—CHJ—GlH—COOH
MHz

GHr—S—GHr—GHr—Gﬁ—GGGH
Mz

Methionine

Phenylalanine @—cHz—clH—cc-oH

MNH?
Threonine GHz—GlH—GH—ch:H
oH MH2
Tryptophan wcHz—ml-l—mOH
M MHz
H
Arginine M.~ NH-CH—CHe-CHe-CH-CODH
HzN
MHz
Histidine HIC=EI3—CH2—G|H— COOH
N NH MH:
e

Dispensable Amino Acids:

MHz
Asparagine HzNOG—CHz—GH—COOH

|
MHz
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Aspartate HDOG—CHz—Cll-I—CD OH

MHz
Cysteine HS—CH: GlH COOH
MH2
HOOG—CHz—CH:—CH—COOH
Glutamate |
MH:z
Glutamine HzNDG—OHz—GHz—GI—I—GDOH
MH:z
Glycine NHz — CHz— COOH
Proline Cz—CHz
CHz  CH:—COOH
WA
Serine Gi—lz—GIH—GO'DH
OH MHz
Tyrosine Ho—¢ %—GH:—CH—COOH
S
NHz

Role of amino acids in the chicken:

Amino acids make up the body proteins @hare used to
form muscle, skin, feathers, bone matrix, ligaments and tendons.
The requirement of the bird for protein varies at different stages
of life with a higher level required in the rearing period when
birds are growing. During lay provision ofefright level of
amino acids in the diet is one of the main factors influenttieg
laying performance particularly in relation to egg number and
size, and is also important to maintain healthy plumage. Proteins
are also vital for immune system function.nyA protein
deficiency will render the bird much more vulnerable to
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infectious and disease. It is not important to have all EAA in the
ration but must be at balanced level and that there is no excess or
deficiency of a particular amino acid, which might @aan
adverse effect.

Physiological basis of amino acid requirements

Amino acid requirements have been determined using a
variety of experimental techniques, which usually employ
purified diets with graded levels of the particular fre& in
guestion. Fee AAs are 100% digestible and available. Many
factors may influence the requirement, the foremost being the
genotype and age of the bird. Other factors whgght affect
growth and egg productioinclude the level of other nutrients,
disease states amhvironmental conditions such as temperature,
humidity, water quality and air quality. Amino acid requirements
have been established for poultry and data is availabie a
number of sources (ARC,RC).

Amino acid requirement can beartitioned into a
component required for maintenance and a component required
for protein accrebn. The AAs requirement for maintenance
consists ofAAs destroyed in the body, excreted in urine, used for
synthesis of essential body metabolites and lost from skin and
gastroinéestinal tract (GIT).

In a growing chicken, the need f@dxAs for protein
accretion comprises the largest portion of A#es requirement.
However, the contribution of the maintenance componeAA®
requirement becomes increasingly important when the anim
matures or increases in age and when the animal increases in
body weight. Amino acids having a high requirement for
maintenance include threonine, methionine/cystine and
tryptophan. Factors affectingAs requirements are age, body
weight, sex, genotypenvironment (climatic, microbial, social)
and dietary factors. With these multiple factors, it is rather
difficult and impractical to conduct experiments to determine the
AAs requirements for each and individual situation. However,
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this dilemma may be oveome by applying the concept of ideal
protein in diet formulation.

Meeting the amino acid requirements of poultry

The challenge to the nutritionist is to formulate diets,
which provide as closely as possible & requirements of the
bird and at thesame time, the economical. This can present some
difficulties because thAA profiles of raw feed materials do not
match the requirements of the birds. Amino acid imbalances may
occur when using too much protein. Antagonism can exist when
the excess of aAA is associated with a deficiency of another
whose requirements will therefore be increased. For example, if
the lysne to arginine ratio exceeds2]lreduced growth rates of
young birds may occur. Also, excess leucine, which may occur
when using high lesls of gluten meal or bbd meal, causes
reduced growth,efed intake is depssed through a metabolic
effect, @tabolism of valine and isoleucine is also stimulated.

Protein quality:

In the past, animal diets have been formulated hase
crude protein(CP) level, which is measuredn the basis of
nitrogen (N) content of a feed ingrediefrotein requirements
are greater during the young and growing stages, due to increase
needs as the animal assimilates more tissue mass. It is important
that the propeamount of protein should be included in diet, but
of greater importance is thmlanceof various amino acids that
make up the dietary protein. Aminoicdalance is known as
protein quality
Quality of protein, judged by its biological value that how
digestible are the proteins in a protein source; and how well the
amino acid supplied match the anitmatequirements. Protein
quality is important because poultry require amino acids in a
balanced ratio in order that all appropriate proteins can be
syntheszed. Additionally, during metabolic processes,
concentrations of substrates and intermediates, including amino
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acid, must be appropriate to drive the reactions in the proper
direction.

Excess protein

Protein in excess of its requirement can be a pnoble
The avian body doed4rstore excesamino acidsonly proteins in
the body are in the form of organized tissue, i.e. skeletal muscle
(compared to carbohydrates stored as glycogen, triglycerides
stored as adipose tissue, somesfatible vitamins are sted in
liver). If protein is present in excess amount in feadino acids
are not required for protein synthesis, then the excess protein will
be utilized for energy.

In avian species, deamination (removalaofino acidy
either transferred to anothearbon skeleton to form a non
essentialamino acid or degraded to urea and flushed through
urine. Remainingmino acidswvill be degraded for energy. Avian
species do not have the ability to utilize ammonia {NFor
them NH is toxic substance which muste removed from
system. In monogastric species, generally accepted that excess
protein will not cause major problems as long as animal has
sufficient water to drink to flush N¢furea from body.

Protein excess may cause a decreased intake, which may
then cause deficiencies of other nutrients. It may also exacerbate
hypersensitivity to feed antigens, thus causing malabsorption and
diarrhea. Excessive protein in the diet may increase systemic
NH; levels, causing an increased burden on kidneys and can lead
to kidney and urinary stones.

Protein deficiency:.

In practical poultry nutrition, thamino acidanost likely
to be deficient are lysine, methionine and tryptophan. Cereal
grains, which are the primary energy sources used, are quite low
in theseaminoacids The major symptoms of protein deficiency
are poor gowth, poor feed conversion ratend decreased egg
production (Kino and Okumura, 1986)
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Inadequate lysine is known to cause depigmentation of the wing
feathers in turkey poults. A variety of abnailities in feather
development occur with deficiencies of valine, leucine,
isoleucine, tryptophan, phenylalanine and tyrosine in growing
chicks. Footpad dermatitis has been observed in poults with
methionine deficiency.

Practical ration formulation :

A fundamental assumption in poultry feed formulation is
that the nutrient supply of individual feedstuffs can beeddd
together to meet the nutrient specifications of the diet. Additivity
is assumed to be applicable under practical situations.

The energy rguirements of birds are met in most diets by
the use of cereals and fat. Cereals have low levels of proteins
with a poor amino acid balance. This requires the use of
additional protein supplements. Plant derived protein sources
have lowlevels of some offte IAA and thus the balance of the
amino acids differs from bifsl requirement. This can be a
particular problem with the supply of methionine.

Apart from the difficulties in exactly matching plant and
animal protein sources to the amino acid requiresyenése feed
ingredients have other problems associated with them such as
anti-nutritional factors and variability in composition and quality.
Soybean meal is a relatively high quality ingredient. Its protein is
highly digestible and the amino acid balarmtosely matches that
of the bird except in the case of the sulfur containing amino
acids, where it is deficient. Depending on the source, the protein
content can vary considerably (808%) and if not properly
treated it may contain high levels of sometdas, which can
inhibit protein digestion. Conversely, sunflower meal is high in
sulfur containing amino acids but relatively low in lysine and
may contain high fiber and tannins. One of the problems of this
ingredient is its low overall protein level (@ox 34%).

Fish meal is high in all amino acids and is a particularly
good source of lysine and methionine compared to the plant
protein sources. Fish meal protein is also highly digestible. Fish
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meal, however, is highly variable in quality. Although mos
researchers list fish meal as containing76% protein.

The feeding of poultry was based on CP contents of diet
previously. Thadid not account for any of the amino acid needs
of the birds. With more research the formulations shifted to an
amino acidrequirements basis. Thereafter poultry feed industry
worldwide moved to routine laboratory analysis for amino acids
and formulas to predict amino acid contents based on the CP
content of the feedstuffs. More recently the use of amino acid
digestibility vdues to formulate diets with the same amino acid
contents using different feedstuffs is popular. The relatively
newer concept is ideal proteins and the use of tissue accretion
methods to predict retention efficiency and define the exact
requirements for amo acids (Figure 2).

Crude protein basis
Amino acid basis
Amino acid Iab<§ratory analysis basis
Digestible amin£ acid analysis basis
Ideal p;otein basis

Figure 2. Development of nutritional knowledge based on formulatic
methodology and inputs for amiaaid nutrition
(Firman and Boling, 1998)

Digestible amino acidgDAA):

It has been known for many years that not all of the
amino acidsn a feedingstuff are digested by the bird and then
available for protein synthesis. It is also known that there is
considerable variation between, and often within, protein sources
in the digestibility ofAAs. Digestibleamino acidsresult in the
requirement being expressed on a more accurate basis. The most
common approach to the measurement of availatimo acids
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hasbeen digestibility studies. This assumes that availability is a
direct function of digestibility. For poultry, this is largely correct.
Because of the mixing of faeces and urine in birds, digestibility is
normally measured as the difference betwesnino acids
consumed in the feed and in the corresponding excreta (faeces
plus urine).

The methods used to measure DAA vary considerably
and these have been reviewed on numerous occasions (Sibbald,
1987; Johnson, 1992; McNab, 1995). The vivo methods
revolve around some form of feeding the bird and collection of
excreta. The cockerel is removed from feed to clear the gut;
forcefed a known quantity of feed and its excreta collected for a
period of time. Another bird is either left off feed or fed a-non
nitrogenous feedstuff and excreta collected for adjustment to
account for endogenous loss or loss that occurs regardless of the
feed being fed. Other methods involve feeding with an
indigestible marker that allows quantitation of feed in the gut and
collection offeces from the small intestine after killing the bird.
This tends to be more expensive and time consuming. Site of
sampling is important and the indigestible markers used to
calculate illeal digestibility may also vary.

The use of cecectomized cockerals éstimating DAA is
not without problems. The age, strain or sex of birds may
influence the ability to digest and use certain nutrients. In
addition to it surgery is required to cecectomize the birds.
Cecectomized birds must be constantly maintained aidl for
this purpose, whereas young chicks or poults can generally be
readily obtained at most research institutions. A potential method
of determiningamino acidsavailability that may overcome many
of these problems is that of ileal digestibility in icitebirds.
Payneet al., (1971) proposed the use of ileal digestion as a
means of estimating DAA for broilers and were able to find
significant differences inamino acids availability between
proteins of widely different quality. This technique eliminates t
need to perform surgery on birds and can be used in virtually any
housing situation, even on litter.
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A novel technique based on the guanidination of dietary
proteins to distinguish between endogenous secretions and
exogenous or dietary sourcesamhinoacidsin intestinal digesta
was proposed by Hagemeister and Erbersdobler (1985).
Guanidination is the chemical process wherein the lysine
moieties in dietary proteins are transformed to homoarginine (2
amino6-guanidinehexanoic  acid) by reaction  with
metylisourea under alkaline conditions. This approach has been
applied to the measurement of ileal endogersoumo aciddoss
in poultry (Angkanaporret al.,1996; Siriwanet al.,1994). lleal
endogenousamino acids loss determined by the use of
guanidinatd casein were about twice greater than those
estimated either by feeding a nitrogen free diet or by
extrapolation to zero nitrogen intake. The values generated by the
homoarginine technique were of similar magnitude to those
determined using’N-dilution technique (Roost al.,1994).

The recent development in methodology for assessing the
DAA in feedstuffs through the use of cecectomized cockerels has
resulted in the generation of data regarding the DAA of common
feed ingredients. Synthetamino acidsare generally considered
as almost 100% digestible, use of digestible values increases the
relative value of puramino acids

Factors affecting feedstuff digestibility

A number of factors can affect the digestibility of
feedstuffs both from the bird stdpoint, diet standpoint and from
the feedstuff standpoint. In case of birds the variation may occur
due to ages, gender, species or strain, environmental temperature,
gut length, gut conditions and level of feed intake. It appears that
very young birds dae not digest feed as well as after several
weeks of life and probably the older bird may depress
digestibility somewhat as well. From the standpoint of dietary
factors it has been shown that high levels of dietary fat can
improve digestibility of feeds whit lower digestibility
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coefficients. High levels of dietary fiber can redubgestibility
of feeds as well

Feedstuff digestibility may also occur with fewer
differentials in the grains and wadbntrolled processed feeds
such as soybean meal. More pesbhs occur with byproduct
meals where there may be differential inputs of fat, ash (from
bone), whole carcass etc. as well as different cooking conditions
due to these changes. This can result in-geeking in some
cases and leads to changes in digegtibralues. Similar effects
can be had in processed grain products where different levels of
hulls may be left in product causing changes in digestibilities of
the product. Table 1 depicts the percent DAA in common feed
ingredients calculated with adultasters.
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Table 1. Digestibility (%) of common feedstuffs in roosters

o o
o o £ c o
Q ) 2 £ 2 ) £ S 2 o = £ ) o g
Feedstuff g £ S S 5 £ S 8 g8 £ S £ = = o
=) o Z 9 3 2 |= > o < 5 s o 3 o
< @ T |3 3 1= g |g | |7 |3 |3 |= < |z
2 = = 2
o
Barley, steam rolled 87.9 83.4 79 769 | 775| 675 | 76.2 | 857 | 832 | 783 | 81.8| 84.2| 79.3 | 73.1| 79.7
Blood meal 92.5 94,1 | 884 | 86.2 | 91.3| 925 93.3| 92.2| 94.7 | 89.6 | 904 | 89.1| 905 | 92.7 | 91.2
Corn gluten meal 99.9 100 | 98.4 | 995 | 995 995| 995| 99.2| 99.2 | 99.6 | 99.7 | 99.8 | 99.5 | 99.7 | 99.5
Corn gluten feedv/bran 81.5 66.8 | 648 | 73.1 | 815|574 | 76.1| 75 81.5 59 68 75.7| 695 | 76.1| 705
Corn grain 99.3 10 959 | 100 | 99.2| 86.2| 98.3| 98.2| 99.1 | 99.8| 96.3| 98.2| 100 | 979 | 97.2
Oats 100 828 | 895| 91.2 | 939|894 | 919 | 95.2| 89.6 | 858 | 90.8| 92.8 86 79.8 | 88.3
Poultry byproducmeal 93.2 85.7 | 80.8| 90.6 | 91.1 | 90.9| 92.1| 904 | 939 | 88.1| 73.3| 87.6| 80.9 | 86.5| 87.3
Feather meal 84.2 764 | 842 | 823 | 76.8| 73.3| 77.5| 796 | 789 | 77.5| 58 71.8| 63.1 | 723 | 73.6
Wheat bran 87.9 85.8 | 86.1| 743 | 80.2| 748 | 756 | 78 795 | 704 | 76.4 | 86.3 89 56.8 | 78.6
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Ideal amino acids

The idealamino acidis the exact rati of AA needed to
provide optimal performance without excess and is based on
lysine at 100% with all otheamino acidsin a ratio to lysine.
Theoretically as the requirement for lysine changes (e.g. from
strainx to strain y), all otheamino acidswill change related to
that. For chickens lysine is the refereremmino acidin ideal
amino acidratio (Baker and Han, 1994). The logic involved in
expressingamino acidrequirements as ideal ratios to lysine is
that a multitude of dietary factors (e.g., proté@wvel, energy
level and feed intake), environmental factors (e.g., disease,
crowding, feeder space and heat stress) and genetic factors (e.g.,
sex and capacity folean vs.growth) may affectamino acid
requirements, but the ideal ratio of indispensainieno acidsto
lysine should remain largely unaffected by these variables (Baker
and Han, 1994). Lysine is selected as the referanueo acid
for 3 primary reasons, firstly, its analysis in feedstuffs unlike
tryptophan and sulfur containing amino acidseisitively simple
and straightforward; secondly, a considerable body of data exists
for digestible lysine needs of poultry; and lastly, unlike several
other amino acids(e.g., methionine, cystine and tryptophan),
absorbed lysine is used only for proteigration.

In order to apply ideaamino acidconcept correctly in
diet formulation, knowledge of lysine requirement for a given
stage of growth of chicken is required. Therefore the correct
level of dietary lysine must be determined before idealno
acidratios can be evaluated in practical diets. It is critical to feed
diets at, or possibly slightly below the Bgdequired level of
lysine, because lysine is used in the development of aeglo
acid ratios (Knowles and Southern, 1998). Determinatidn o
ratios of individualamino acidto lysine is not important when
birds are fed diets containing excess lysine (i.e. ratios of
individual amino acidto lysine would appear lower than they
actually are). Thus the ratios of individuahino acidto lysine
are meaningful when chickens are fed a level of lysine that is not
in excess of their requirements. The use of idealno acid
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concept in practical diet formulation is advantageous because it
is simple and flexible; can maintain dietaagnino acidbalance
when using or changing combination of alternative feed
ingredients; and, provide estimates whenfoimation on
requirements for AA is not available. This can be applicable
equally well to diets formulated for animals of either sex, raised
on high or low eargy and protein diets, animals with slow or
fast growing rates, different lean gain potentials and raised in
thermo neutral or heat stressed environments.

The predicted requirements for lysine, sulfur containing
amino acidand threonine at 8 different@wth periods of broilers
(Table 2) on the basis of the lllinois ideal protein ratio (Table 3)
are given.

Table 2. Predicted requirements for lysine, sulfur containing amino acids
(SAA) and threonine at 8 growth periods

Period | Digestible lysine | Digestible SAA | Digestible threonine
(days) (% of diet)

0-7 1.2 0.8 0.8

7-14 1.1 0.8 0.7

14-21 1.4 0.7 0.7
21-28 1.0 0.7 0.7
2835 0.9 0.7 0.6
3542 0.9 0.6 0.6
42-49 0.8 0.6 0.5
4956 0.8 0.5 0.5

(Firman, 2001)
Table 3. lllinois ideal chick protein

Amino acids Percent
Lysine 100
Arginine 105
Histidine 37
Methionine 36
Cystine 36
Phenylalanine 55
Tyrosine 50
Tryptophan 16
Glycine + Serine 65
Proline 44

(Firman, 2001)
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The data on protein andmino acidrequirements of
turkey has been reviewed (Firman 1994a). It appeared that lysine
and sulfur containingamino acids are most limiting in
commercial diets. A number of studies (Jackstbral., 1983;
Jackson and Potter, 1984) have been performed using deletion
methods to determine that threonine, valine and isoleucine were
next limiting in cornsoybean meal diets. Firman (1994a)
confirmed the results by using low protein diet in an addition
method. It ha been suggested that thmino acidprofiles of
broilers would be close to those for turkeys and that additional
threonine, sulfur containingmino acidand tryptophan would aid
growing turkeys 16 to 20 week old (Baker and Chung, 1992).
The NRC (1994) remmmends 1.60% total dietary lysine for
turkeys 04 weeks of age. However Boling and Firman (1998)
suggest that the digestible lysine requirements for turkey poults
during the starter period is 1.32% for optimal body weight gain
and 1.34% for optimal feedoaversion at relatively higher
energy levels used in this study. The dietary treatments exceeded
NRC recommendations for energy, but this excess was not
believed to affect the outcome of the experiments. Ideal ratios for
the turkeys are given in table 4.

Table 4. Estimated ideal protein ratio for turkeys (starting hens)

Amino acid Percent
Lysine 100
Sulfur containing amino acids 59
Threonine 55
Valine 76
Arginine 105
Histidine 36
Isoleucine 69
Leucine 124
Phenylalanine + Tyrosine 105
Tryptophan 16

(Firman and Boling, 1998)
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Chapter 5

Lipids and Fats

Lipid is a term referring to the compounds that are
soluble in chloroform, benzene, petroleum or ether. It includes
fats, oil, waxs, sterols, and complex compounds such as
phospholipids and sphingolipids. Not all the lipids are the fat but
all the fats are lipids. Nutritionally, fats are the source of energy,
essential fatty acids (EFA) and{saluble vitamins (A, D, E, and
K). Fatly acidsare present in only small amounts in animal and
plant tissues, but are the building blocks of many important
complex lipids.

True fatty acids possess a long hydrocarbon chain
terminating in a carboxyl group. Nearly aditfy acidshave an
even nunber of carbons and have chains between 2 and 24
carbons in length. If hydrogen molecules occupy all the carbons,
it is saturated; with one double bond, it is unsaturated and with 2
or more double bonds, polyunsaturated. The degree of saturation
is going b affect the melting point of the oil and also how
quickly it's going to oxidize. The more saturated a fat is, the
more solid it is at room temperature, whereas more unsaturated a
fat is, the more liquid it is and going to oxidize faster. The
principle diferences among the kegtfy acidsare the length of
the chain (usually 16 or 18 carbons) and the positions of
unsaturated or double bonds.
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Figure 1. A molecule of tristearin

The most abundant storage form of fat is neutralofat
triglyceride A molecule of triglyceride is composed of a
molecule of glycerol in which each of the 3 carbons is linked
through an ester bond to atty acid Triglycerides cannot be
efficiently absorbed, and are enzymatically digested by
pancreatic fpase into a 2nonoglyceride and 2 freatty acids
all of which can be absorbed. Other lipases hydrolyze a
triglyceride into glycerol and 3afty acidgFigure 1).

Poultry, fed primarily unsaturated fats will have higher
degree of unsaturatectty acidsin body fat. This affects the
characteristics because unsaturated are softer, have lower melting
point, which affects processing and carcass quality. Poultry fed
primarily saturated fats are going to have harder fat.

Polyunsaturated and essential fatty eids:

The investigations for the determination of EFA
requirements of poultry began in the 1%5@nd established
linoleic acid requirements in 1980 Presently, a dietary level of
1% linoleic acid is recommended for adequate growth of
chickens, turkeysind quails. Essentiabtty acidsare necessary
for proper cell structure, synthesis of certain metabolites and
production of prostaglandins.

The EFA follow a number of metabolic pathways, which
include oxidation in mitochadria to generate adenosine- tri
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phosphate (ATP), desaturation and chain elongation leading to
the longchain polyunsaturated fatty acids (PUFA), and
incorporation into glycerolipids. Several hormones and dietary
factors influence desaturation of PUFA in mammals and
probably also influere desaturation/elongation of EFA in
poultry. Unfortunately the important biochemical steps in EFA
conversion to PUFA have not been studied in poultry. Figure 2
illustrates the desaturation and chain elongation steps for linoleic
acid in the liver and the ofmation of eicosanoids. The
desaturases facilitate the transport of dietary aed novo
synthesized dtty acidsand generate PUFA, which serve as
components of phospholipids and as precursors of eicosanoids.
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Figure 2. Conversion of linoleic acid to r6 polyunsaturated fatty acids;

incorporation into phospholipids and subsequent biosynthesis of
eicosanoids

ESSENTIAL FATTY A CID

\ 4
DESATURATION/ELONGATION STEPS

(Conversion influenced by biotin, copper, Zinc
hvdrogenated oil)

POLYUNSATURATED FATTY ACID

'
l

PHOSPHOLIPIDS
(Components of membranes and organelles)

\ 4
PHOSPHOLIPASES

A 4

FREE ARACHIDONIC ACID

EICOSANOID FORMATION

Prostacyclins Lipoxins
Prnstanlandins Thromhnxanes

41



Polyunsaturatedatty acidsthat are derived from EFA
possess biological activity. Furthermore, the eicosanoids, which
collectively include prostaglandin, leukotrienes and lipoxins, are
biosynthesized from specific PUFA and act as -tzdell
signaling agents. The biological effects of eicosanoids can be
described as either autocrine (acting on the same cell of origin)
or paracrie (acting on a different cell). The eicosanoids
participate in biochemical reactions and physiological processes
to affect tissue growth and development, and metabolism.
Knowledge of these biologically active lipids in poultry has
expanded to include theirole in embryonic development,
reproduction and bone growth.

Deficiency symptoms okssential fatty acids

Linoleic acid (18 carbon) is one of the most important
EFA. Linoleic acid in sufficient amounts can produce other
necessarydtty aciddike arahidonic acid (20 carbon). Although
linolenic acid is required for nervous tissue and the retina, the
EFA for poultry is linoleic acid. Linoleic (18" and linolenic
(18:3") acids contain 2 and 3 double bonds, respectively, and are
both 18 carbons in Igth. Linoleic acid belongs to the ome@a
(n-6) series of PUFA since the terminal double bond is located at
6" carbon counting from the methyl end of the molecule.
Likewise, linolenic acid is a member of the ome&gén3) series
of PUFA since the terminadouble bond is at the third carbon
from the methyl end.

Embryonic viability and hatchability are compromised
during EFA deficiency. Other EFA deficiency symptoms in
chicks include retarded growth, increased water consumption,
reduced resistance to diseaand enlarged liver with increased
lipid content and an alternation of tissusty acidcomposition.

In males, deficiency symptoms also include reduced testes size
and delayed development of secondary sexual characteristics. In
the laying hen, decreaseshg size, lowered egg weight, and
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changes in egg yolkafty acidcomposition result from linoleic
acid deficiency. However, reproductive failure and increased
susceptibility to disease might be related maooedefective
eicosanoid biosynthesis than tadty EFA deficiency.

Sources of essential fatty acids:

Poultry diets should provide an adequate level of linoleic
acid since plant oils are generally rich sources of this EFA.
However, under some conditions poultry diets may not contain
an adequate amat of EFA. Both linoleic and linolenic acids are
readily absorbed through the intestinal wall where resynthesis of
triacylglycerols and the packaging of lipids into portomicrons
occur for transport to the liver. Lorghain r3 PUFA present in
marine oilsand fish meals seem to be absorbed and metabolized
to the same extent as the6nPUFA are absorbed and
metabolized.

Since varying the dietary levels of EFA and PUFA will
modify the composition of lorghain PUFA (rR6 and R3)
present in poultry tissuesnmching poultry meat and eggs with
specified PUFA can be done to meet consumer demands,
Furthermore, the changes in the types of PUFA in tissues of
poultry may offer potential benefits to the bird by modulating
eicosanoid production to enhance or depm@ssune responses.

RN RN A
¢ e TN

H Ri

Figure 3. Double bond conformation forcis and trans geometric isomers
of mono unsaturated fatty acids
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Transfatty acids and essential fatty acid requirements

Fats shold be stabilized by an antioxidant; otherwise
they are likely to become rancid, especially in hot weather.
Poultry nutritionists routinely request that antioxidamigst be
added during processing. Antioxidants help to prevent oxidative
damage to unsatueat fatty acidsand fatsoluble vitamins and to
insure that ingredient quality is maintained until the animal
consumes the final feed. The addition of feed grade fat to poultry
feed provides numerous benefits including improveniwth rate
and feed conversn.

Dietary factors affecting fatty acid composition

Dietary unsaturated fats can dramatically modify tteyf
acid composition of lipids in the hen egg yolk and in tissues of
rapidly growing poultry. The longhain »3 PUFA (especially
eicosapentaemo and docosahexaenoic acids) present in fish oils
are extremely effective in lowering totalahPUFA in chick liver,
egg yolk, edible muscle, bursa and thymus tissues.

Eicosanoid biosynthesis

The majority of eicosanoids (prostaglandins, leukotrienes
and lipoxins) are biosynthesized from arachidonic acid
maintained in membrane phospholipids. Arachidonic acid is the
precursor of Xeries prostaglandins, but 26fand 20:5° are
substrates for the-land 3series prostaglandins, respectively.
Prior to ecosanoid formation, phospholipade cleaves
arachidonic acid from the shposition on the glycerol backbone
of phospholipids. Once arachidonic acid is liberated, it can
undergo controlled oxidative metabolism to form a variety of
eicosanoids with diffeng physiological effects. The enzymes
inherent to the cell dictate the types and amounts of eicosanoids
produced.
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Chapter 6

Minerals

The mineral portion of the feed is inorganic matter. They
are required in varying amounts for proper nutritidinerals
repregnt about 3.5% of the total body composition, of which
46% is Ca, 29% is Phosphorus (P) and 24% included K, S, Na,
Cl and Mg.Minerals, especially Ca and P, hetpbuild bones
and make them strong and rigid. Laying hens also require
minerals for egg sheflormation. Other minerals are needed in
trace amounts for all metabolic functions.

Grains are low in minerals, so it is necessary to provide
supplements. Calcium, P and NaCl are needed in the greatest
amounts. Bone mealefluorinated rock phosphasaddicalcium
phosphates (DCP) supply additional Ca and P. Ground limestone
and oyster shells are good Ca sources. Trace levels of iodine (1),
Fe, Mn and Zn are also included in mineral supplements.

Any mineral fed at levels either below or in excess of
requrements is going to have some sort of affect on production,
but most minerals in excess are not toxic they are just going to
probably affect absorption of some other mineral (thereby
causing a deficiency of that mineral) or increasel feest. There
are daens of interactions between different compounds that can
affect absorption e.g., too much P will bind Ca, making it
unavailable for absorption and causing Ca deficiency. Also,
excessive Ca will affect absorption of Mg (and vice versa),
excessive Cu will ffect Fe and P etc.
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Macro-Elements

Dietary minerals can be divided into 2 broad groups;
Macro-minerals and microor traceminerals. Macreelements
include Ca, P, Mg, Na, K, Cl and S. These will be discussed in
the following paragraphs.

Calcium and phosphorus:

These twoelements are needed in large quantities for
proper bone formation. Production of eggs requires increased
intake of both Ca and P, so the requirement for these macro
elements can change tremendously within a single season. The
99% ofCa is stored in bones and teeth, whereas 80% of P. The
real concern with Ca and P is that thése elements share a
somewhat antagonistic relationship. Excess P, e.g. will form
insoluble complexes with Ca, thus increasing the dietary need for
Ca. Propedietary CaP ratios range from about 1.3:1 to about
2.3:1, depending on the species and phase of growth.

Functions:

Calcium plays an important role in a wide variety of essential
functions in metabolism.

U Calcium is an essential component of bones aatpishin egg
shell formation. Itis involvedin the normal blood clotting
process

U Involved in the contraction of skeletal, smooth and cardiac
muscles

U Engages in the regulation of normal heartbeat aelps in
transmission of nerve impulses

U Itis also involed in secretion of a number of hormones and
activates or stabilizes enzymes.
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Phosphorus is involved in virtually every metabolic
reaction in the body and is considered to be the most versatile of
all the mineral elements.

U Phosphoruss essential fortte building of muscle tissues, egg
and bone formation.

U It also aids in maintaining cellular osmotic pressure and acid
base balance.

U It has very important role in amino acid metabolism and
protein formation. Phosphorus is an activator of many
enzyme systemie.g. enzymes of energy metabolism.

U As a component of phospholipid, it acts as a major carrier to
trangort fatty acids across the cell membrane

U As a component of nucleic acids, it has an important role in
genetic transmission and control of cellulagtabolism.

U Energy transfer in most metabolic systems involves
phosphate compounds suchAas and creatine phosphate.

In the body, at a normal blood pH o#, thetwo forms of
P, dibasic and monobasic, normally exist in a ratio of 80:20,
respectively.During acidosis (excess Hvhich lowers the pH),
the dibasic form is important because of its ability to accept a
proton and thus be converted into the monobasic form, removing
the proton from body fluids and helping to bring the blood pH
back up to normaLikewise, the monobasic form is beneficial
during alkalosis (low Hwhich increases the pH) in the animal
body. In this case, the monobasic form donates a proton to body
fluids, which helps to lower the pH back to normal. Phosphate, in
the monobasic andlibasic forms, thus provides one of the
important buffer systems in the body, which assists in
maintaining aciebase balance.

Metabolism:

There are many factors influencing the utilization and
metabolism of Ca and P in the body. Some of the most impiorta
includes the ratio of thevo elements in the diet, the amount of
vitamin D present, the biological availability of the supplements

47



used to provide the elements, and the age and physiological state
of the birds. Young birds with a rapidly developing Iska
system tend to use the minerals more efficiently than do older
birds; hens in active egg production utilize minerals more
effectively than nodayers.

Phosphorus is absorbed chiefly in the duodenal area of
the small intestine. As in the case of moatrients, the greater
the need, the more efficient is the absorption. Phosphorus
absorbed from the intestine is circulated throughout the body and
is readily withdrawn from the blood for bone development. It
may be withdrawn from bones to maintain noril@od plasma
levels. Plasma Ca and P levels are regulated by the parathyroid
hormone.

Sources:

The plant ingredients such as grains, soybean meal and
cottonseed meal all have low levels of Ca, whereas young
mammals receive their Ca from milk, thisabviously not the
case for the growing chick. When the hen enters egg production,
her need for Ca more than triples in order to support shell
formation. Clearly, a source of supplemental Ca is needed.
Limestone is the most common source of Ca for poudsds,
containing about 37% Ca. The use of dolomite limestone should
be avoided because of high levels of Mg, which can be harmful
to poultry. A relatively fine product should be used in chick
diets. Oyster shell is also a preferred source of Ca, where
avaliable.

Phytase is a bacterial enzyme that can degrade phytic acid
in the plant material, freeing additional P for absorption by the
animal. It is coming under increasing use in poultry diets to
decrease the amount of inorganic P that needs to be adtted to
diet. This strategy also decreases the amount of P excreted in
animal waste, thus reducing its environmental impact.
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Table 1. Composition (%) of calcium and phosphorus sources used in

feeds and mineral mixtures

Sources Calcium | Phosphorus | Magnesium

Calcium carbonate (limestone) 36 - -
Dolomitic limestone (dolomite) 22 - 10
Qyster shell 35 - 0.3
Calcium sulfate (gypsum) 29 - -
Bone meal (steamed) 29 14 0.6
Phosphoric acid - 31.6 -
Sodium phosphate (Monobasic) - 22.4 -
Sodium tripolyphosphate - 30.8

(Cheeke, 1991)

The most common forms of phosphate supplemented to
poultry diets are defluorinated rock phosphate, steamed bone
meal, guano depits such as Curacao phosphate, colloidal
phosphates and either monocalcium or DCP. Phosphorus in meat
and bone meal is almost completely absorbed by the bird. Bone
meal is typically of high biological quality, the P content and
bioavailability of the otheproducts is generally lower and more
variable than processed phosphates. The majority of the feed
phosphates used in poultry feeding are chemically processed
materials. All these sources of P also contain appreciable
amounts of Ca, making it much easitr meet the bird
requirement for both mineraldt is most often supplied in
commercial diets from inorganic sources such as OQB.table
1 gives common sources of Ca and P and their mineral contents.

Bioavailability of calcium and phosphorus

Biological availability is a measure of the degree to
which Ca and P (or any other mineral) source can support the
physiological processes of an animal. The P from any source is
never completely available or utilized. Some of it is always lost
in normal digestie and metabolic processes. Further, many
factors influence P absorption. Th&rue' or "absoluté
availability of the P from any source is a goal that is often sought
but is unlikely to be obtained, due to the myriad of factors that
are involved.
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It hasbeen stated that monocalcium phosphates have the
highest bioavailability, with DCP about 5% less and
defluorinated phosphates about 10% less in comparative value.
In some countries, availability of feeplade phosphates is
limited and expensive and quesisoarise about the utilization of
raw rock phosphates or fertilizer grade phosphates as sources of
P in poultry diets. It is apparent that some sources of rock
phosphate, either raw unprocessed supplies or partially processed
fertilizer grade products, cde used to supply part or all of the P
in poultry diets provided that adjustments are made for their
bioavailability and concern given to contents of fluorine and
vanadium. The level of fluorine in the final diet should not
exceed 500ppm.

The most ofteroverlooked aspect of mineral nutrition is
adjustment of dietary Clevel in respect to phytate levels. This
is especially important when feed ingredients high in phRate
are included in the diet, such as rice bran, wheat bran, canola
meal, or sunflowr meal. Failure to adjust the minimum Ca
content of the diet in such situations may lead to a Ca deficiency.
Nelson (1984) suggested the following formula to adjust dietary
Ca levels in the presence of phyteRe

Dietary Ca (%) = 0.6 + (phytate3P1.1)

For example, a coreoy diet formulated to provide a
minimum of 0.45% availabl® may have a total P contents of
about 0.70%, thus providing about 0.25% phyftesing the
equation above, a minimum Ca level of 0.6 + (0328.1) =
0.88% would be requed. However using a coiice branwheat
bran diet with some sunflower or canola meal formulated to
provide the same minimum of 0.45% available P may result in a
total P content of 1.05% phyta® so the minimum dietary Ca
needs would be about 0.6 + B01.1) = 1.75%

Although considerable information is available regarding
total Ca content of different plant feedstuffs and different Ca and
P sources, there is little direct information regarding the
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bioavailability of such products. In contrast to@ is typically
inexpensive to provide to poultry diets and little economic
emphasis has been placed on determining biological values for
Ca. The response to Ca source or particle size is sensitive to
dietary Ca levels, being of greater concern when dieGa
levels are minimal or in situations where egg shell quality is
stressed.

Sodium and chloride

Even though the body only contains about 0.2% Na, it is
essential for life and is highly regulated. Sodium makes up about
93% of the basic mineral elentsnin the blood serum. About
half of the Na in the body is in the soft tissues, and half indone
Chloride is the blood pr i mary anion and mak
acidic ions.

Functions:

U Sodium is almost absent from the blood cells, but it
constitutes appraomately 93% of the total cations
concentration of the blood plasma and hence tief cation
regulating blood pH

U Muscle contraction is also dependent on proper Na
concentrations

U Sodium plays an essential role in nerve impulse transmission
as energy formpulse transmission in nerves is obtained from
the potential energy produced from the separatiok ahd
Na by the cell membranes

U Efficient absorption of amino acids and monosaccharides
from thesmall intestinalso requires adequate amount of Na

U Sodiumis neededo maintain electrolyte balance

0 It is present in very small amounts in cell nuclei and
mitochondrial enzymes. However, a small increase in Na
concentration inhibits mitochondrial enzymes. Actually K
and Mg ions are involved in activation of oghondrial
enzymes and Na ions have adverse effects on their activity.
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Chloride is needed in maintaining the abake balance.

U Chlorine is found distributed in high concentrations in inter
and extracellular spaces.

U It in the form of NaCl constitutesver 60% of the blood
anions. It does not have the affinity for combination with
protein molecules and therefore can remain in salt and ion

forms. So it contributes massively in maintaining the ionic
strength of the extracellular fluids and as the maestiching
anion for combining with Na, which predominates in the
fluids.

U The gastric secretions contain Cl in the form of
hydrochloric acid and as Cl salts.

Sources:

The source of NaCl for poultry rations is common table
salt. There are other salts BN&ACI is the most commonly used.
Salt is added to the diet to satisfy the lsincequirement for Na
and Cl and to improve the bisdappetite. Poultry diets have
recommendations for levels of Na and Cl. Though salt is the
major source of Na and CI, graimeeals and supplements also
contain these molecular nutrients. Meat contains plenty of Na,
whereas, plant and cerdadsed feeds are generally deficient in
Na. The salt problem usually occurs due to unbalanced ration
formulation i.e. the use of wrong vakiéor ingredient nutrients,
abnormal Na value of ingredients, computer error in nutrient
specification, and. malfunction of mill equipments

Potassium

The K and Na contents of the body are almost similar, but
there exist a difference in their distifion in the body.
Potassium is mainly a cellular constituent. Its concentration in
the body fluids is very low. Like Na it is also rapidly absorbed.
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Functions:

U Potassium performs the same functions inside the cell that Na
performs in tle plasma and intstitial fluid

U It helps to maintain the acigase balance and pmposmotic
balance in the cells

U Itis also the activatoof many intracellular enzymes

U Itis needed for normal heartbeat and exerts its effect favoring
relaxation, opposinde Ca, whichdvors contraction

0 It is also involved in the increasing cell membrane
permeability and increases the rate of entry of free and
neutral amino acids and leaves the cell wtienamino acid
is entering

U Itis also involved in the lysine metabolism.

Magnesum:

There is a close association between Mg, Ca and P in

their distribution as well as metabolism in animal body. About
70% of the body Mg is present in the skeletal system. Most of the
Mg found in the egg is present in the shell portion. Like K it is
geneally found in sufficient amounts in most feed sources and
hence occurrence of its deficiency is quite rare. The common Mg
salts are highly soluble and therefore absorbed easily from the
small intestine.

Functions:

i
i

i

Magnesium is an important constituefibones

It also serves an important role in many enzyme systems,
including DNAreplication,transcription and translation.
Specifically it activates all the enzymes concerned with the
transfer of phosphate from ATP to ADP and, therefore, is
essential inhe energy exchange reactions.
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Sulfur:

Sulfur is widely distributed in the body as a component of
sulfur containing amino acids (methionine, cysteine, cystine,
taurine), vitamins (thiamin and biotin), mucopolysaccharides in
connective tissues and mucsecretions. In birds almost 50% of
the S is found in the muscle tissues. Inorganic sulfate, which is a
component of mucopolysaccharides, can be derived from the
metabolism of sulfur containing amino acids. Thus S is not the
dietary requirement of neruminants, although inorganic
sulfates in the diet have a sparing effect on the sulfur containing
amino acid requirements.

Functions:

U It is the structural component of the various body tissues
(bones, feathers and cartilage).

U In the bones and cartilages $resent as chondroitin sulfate;
in the feathers of bird as cystine; while in sperm and in the
cuticle of gizzard, present as unidentified protein; and, in egg
white and yolk it is present as sulfate.

U It is also the component of various hormones. Thelfdisu
bridges {S-S), which interlink the amino acid chains and
stabilize the protein structure are contained in the molecules
of several hormones (Insulin, prolactin etc.). When the
bridges are split, the hormonal activity is lost.

U Other compounds havirfg as its integral components include
the coenzyme A, lipoic acid, acei@bA, sulfur acetyl
lipoate, heparin, glutathione, thiamin, biotin, ergothionine,
insulin etc.

TRACE-MINERALS:

Trace or microminerals include elements such as Fe,
Cu, selenium (Se Mn, cobalt (Co), | and Zn. As the name
implies, they are required in lesser amounts than are macro

54



elements. Iron, I, Cu and Se deficiencies are the most common
disorders noted in captive or domestic species. Timaneral sub
clinical deficiencies ocaumore frequently and a bigger problem
than clinical mineral deficiencies, because of the lack of édarm
awareness about specific slibical tracemineral deficiency
symptoms. The immune system is depressed, the animal begins
to grow more slowly and fefity is impaired. The end result is
inefficient production and lower profitability. Therefore, a
profitable and efficient farm operation must provide the
supplemental traemineral elements.

Iron:

Iron has been recognized as an essential nutrient &r ov
100 years. Approximately | of boc
in red blood cells and myoglobin in muscle, 20% is in labile
forms in liver, spleen and other tissues with the remainder in
unavailable forms in tissues such as myosin and acsimgand
in metalloenzymes. In hemoglobin, which contains 0.34% Fe, an
atom of ferrous (F€&) in the center of a porphyrin ring connects
heme (prosthetic group) with globin (a protein). Excess Fe forms
insoluble iron phosphate, which results in a decreased P
absorptim leading to rickets. Other traceinerals and vitamins
may get adsorbed on the colloidal suspension formed by the
insoluble iron phosphate and remain unabsorbed.

Functions:

0 It is an essential constituent of several metalloproteins,
including hemoglobingytochromeC and myoglobins

U The Fe in hemoglobin is essential for the proper function of
evay organ and tissue of the body

U It also plays a role in enzymes involved in oxygen transport
and the oxidative process, including catadasand
peroxidases

U Ironin blood plasma is bound in the ferric state*{Peto a
specific protein called transferrin. Transferrin is the carrier of
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Fe in the blood and is saturated normally only t&68&o of it
Fe-binding capacity.

Copper:

A small quantity of Cu is essentialong with Fe, for
synthesis of hemoglobin. Copper is another trag®eral in
which deficiencies can occur. A minimum requirement for Cu
cannot be given with great accuracy, since Cu absorption and
utilization in the animal can be markedly affected byesalV
mineral elements and other dietary factors. Zinc, Fe,
molybdenum (Mo), inorganic sulfate and other nutrients can
reduce Cu absorption.

Functions:

U It is required for the activity of enzymes associated with Fe
metabolism, elastin and collagen formatio melanin
production and the integyitof the central nervous system

i It is required for normal red blood celformation by
allowing Fe absorption from the small intestine and release of
Fe in the tissue into the blood plasma. Ceruloplasmin is the
Cu-containing transport protein

U Copper is required for bone formation by promoting
structural integrity of bone collagen and for normal elastin
formation in the cardiovascular system

U Copper is required for normal myelination of brain cells and
spinal cord as acomponent of the enzyme cytochrome
oxidase, which igssential for myelin formation

U Maximum immune response is also dependent on Cu as
indicated by depressed titers in deficient animals.

lodine:

lodine deficiencies are expressed mostly as thyroid
disoders. Many feedstuffs are deficient in I, thus enlargement of
the thyroid is common in captive birds. lodine can also be
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derived from the soil but its content can vary considerably across
geographic regions. As a result, | concentration in plants and
other feedstuffs may also vary, depending upon their region of
origin. The thyroid gland contains the highest concentration (0.2
5% on a dryweight basis) of | in the body,0-80% of the total
body stores. Approximately 90% of the I, which passes through
the thyroid gland, is captured by it. lodine is then combined with
tyrosine in the thyroid to form diiodotyrosine. Two molecules of
this compound are then combined to form thyroxin.
Approximately 80% of the thyroxin entering the circulation is
broken down throug deiodinization by the liver, kidney and
other tissues.

Functions:

U The only known metabolic role of | is as a component of
thyroid hormones (thyroxin and triiodothyronine). Thyroid
hormones play an integral role in the regulation of the rate of
cellularmetabolism.

U When thyroid activity is inadequate, metabolic and growth
rate and egg production and egg size are reduced. lodine
deficiency in breeders results in low | content of the egg and,
consequently, decreased hatchability and thyroid enlargement
in the embryos.

Selenium

Therole of Se in preventing exudativeathesis in chicks
was established in 195Belenium is present in all cells of the
body, but the concentration is normally less than 1ppm. Toxic
concentrations in liver and kidney are natly between 5
10ppm. Like Fe and I, Se also exists in the soil and its
concentration can vary tremendously within a small geographic
region.
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Functions:

Selenium is an important part of the enzyme glutathione
peroxidase. This enzyme destroys peroxideforbethey can
damage body tissues. Vitamin E is also effective as an
antioxidant. Therefore, Se works in concert with vitamin E to
prevent free radicals that can lead to oxidation of lipids and
destruction of cells. This aids the b&lyefense mechanisms
against stress. Most feeds contain compounds that can form
peroxides. Unsaturated fatty acids are a good example. Rancidity
in feeds causes formation of peroxides that destroy nutrients.
Vitamin E for example, is easily destroyed by rancidity.
Selenium spes vitamin E by its antioxidant effect as a
constituent of glutathione peroxidase.

Selenium and vitamin E are interrelated. Birds need both
and both have metabolic roles in the body in addition to an
antioxidant effect. In some instances, vitamin E swilbstitute in
varying degrees for Se, or vice versa. However, there are
deficiency symptoms that respond only to Se or vitamin E.
Although Se cannot replace vitamin E in nutrition, it reduces the
amount of vitamin E required and delays the onset of E
defidency symptoms. Selenium also plays a critical role in
increasing the immune response.

Sources:

Selenium can be added to diets of chicken either as
sodium selenite or sodium selenate up to 0.1ppm in complete
feed. Turkeys may be fatp to0.2ppm. Game hils can also be
fed up to 0.1ppm Se in the total diet.

Interaction of other dietary supplements with selenium

The interaction of Se with other dietary supplements used
in poultry feeds and with disease conditions undoubtedly
influenced the quantitativeequirement of the element for
optimum production. Furthermore, the change from complex
diets to more simple ones for both broilers and turkeys played a
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role. This removed the protection of having feed ingredients
grown on a variety of soils more apt wipply the needs for Se.

A greater possibility was the presence of higher
concentrations of Cu and Zn that would interfere with normal
metabolism. Both Cu and Zn are used as dietary supplements in
feed manufacturing. Broiler rations commonly contain Cu
suplements providing 12@40ppm in addition to the-8ppm
included in the tracenineral mix. These levels have been used
for years, because they improve performance and are believed to
protect against fungal and perhaps other diseases. Adding
1,000ppm Cu taliets containing toxic levels of Se modified the
toxicity. A 70% of chicks fed a diet with 80ppm Se died by 2
weeks but only 3% in those supplemented with 1,000ppm Cu. A
more than 13 times increase in the Se content of the liver in the
Cufed chicks indicted that a nomleleterious form of the
element was stored in this organ.

Manganese

Manganese was first recognized as a necessary nutrient
for animals in the early 1930s. Because Mn is found in many
different feeds, a deficiency is less likely than witlest of the
other traceminerals. Bone, kidney, liver, pancreas and pituitary
gland are the sites of highest Mn concentration. The absorption
of Mn in poultry is poor. High dietary intake of Ca, P and Fe
reduce Mn absorption, whereas, body has only adohstorage
of mobilizable Mn reserves. The absorption as well as excretion
of dietary Mn is affected by the extent of the formation of natural
chelates in the gut primarily with bile salts.

Functions:

0 Manganese is essential for chondroitin sulfate ®si#)
which is critical to the organic matrix of bone. Many
enzymes required for the synthesis of mucopolysaccharides
and glycoproteins requifdn
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0 Manganese is a key component of the metalloenzymes,
pyruvate carboxylase and a critical enzyme in caytcie
metabolism

U Lipid metabolism is also dependent on Mn to allow the liver
to convert mevalonic acid to squalene, in cholesterol
synthesis.

Zinc:

Zinc has many biochemical functions. Supplemental Zn is
usually added to bird diets in the form of zinc oxioie zinc
sulfate. Recent comparisons of bioavailability in chicks suggest
that feed grade zinc oxide has only-Z8P%6 the availability of
zinc sulfate when added to purified or practical diets. Zinc is
absorbed equally well when provided as the oxide, ceteo
and sulfate or as metallic Zn. Absorption of Zn occurs
throughout the small intestine. Transfer of Zn out of the intestinal
mucosal cells to the plasma is regulated by metallothionein. Zinc
absorption is reduced whenever diets are high in Ca ortphyta

Functions:

U Zinc is present in many enzyme systems, which are
concerned with the metabolism of feed constituents. For
example, it is a constituent of carbonic anhydrase,
carboxypeptidase A and B, several dehydrogenases, alkaline
phosphatase, ribonuckm and DNA polymerase. Carbonic
anhydrase is involved in maintaining the ababke balance of
the blood and other body fluids; it plays an important role in
the release of carbondioxide (€Qn the lungs, in bone
calcification and in the egg shell fortian

U Zinc is required for normal protein synthesis and metabolism
and it is also a component of insulin so that it functions in
carbohydrate metabolism.
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Cobalt:

The only known requirement for Co is as a constituent of
vitamin By, which has 4% Co in itehemical structure. The
vitamin has very complex chemical structure and contains Co in
chelated form. This means that a Co deficiency is really a
vitamin By deficiency. In ruminants microorganisms in the
rumen are able to synthesize vitamif, Beeds ofruminants, if
the diet is adequate in cobalt. Cobalt is necessary for the
synthesis of hemoglobin and myoglobin and a component of
various enzymes.

Cobalt deficiency has not been demonstrated in poultry.
In a few instances where Co has created some nsspdat is
assumed that the diet lacked vitamigp.Bf the diet is adequate
in vitamin By, there is no need for Co.

61



Chapter 7

Vitamins

Vitamins are organic substances, which are necessary for
the proper operation of vital functions in humans and animals.
Thes substances occur in feeds in small amounts, but are
absolutely necessary for most physiological processes like
normal growth, feathering, leg development, reproduction and
maintenance of health. Deficiencies of various vitamins may
cause problems such,akin lesions, nervous disorders, muscle
problems, reduced egg production in layers, reduced growth in
meat birds and improper chick development in eggs from
breeding birds. The severity of any of these problems will
depend on which vitamin is inadequated how deficient the
diet is.

The major factor, which limits the nutritional value of
naturally occurring vitamins, is bioavailability. Although
chemical analysis may indicate a high level of a vitamin, its
bioavailability may be less than 100%. Foraeple biotin is
100% bioavailable in corn but less than 10% available in wheat
and barley. The unstable nature of naturally occurring vitamins
and the great variation in their levels means that formulating
diets to meet the requirements of birds in thensive poultry
keeping based only on natural vitamin levels is almost
impossible. It is for this reason that commercially available
vitamins are used extensively in the feed industry.

Vitamins are categorized by their solubility in either
water or fat. his has relevance to how and where they can be
absorbed by the gut. Vitamin concentrations in a diet are
generally discussed in terms of activity (International Unit; 1U)
since, for most vitaminsseveral forms of differing activitgan
occur. As with mingeals, vitamins are often incorporated into
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commercial feeds by way of premixes, which are intended to be
used at specific concentrations in order to provide the appropriate
amounts of individual vitamins.

FAT SOLUBLE VITAMINS:

Vitamin A:

McCollum and Dais first noted Vitamin A requirement
in early decades of 30century. A major storage organ for
vitamin A is the liver, with much lesser amounts being found in
other organs and muscle. Cod liver oil and other fish liver oils
were found to be the best soes of vitamin A. It is not present
in plants, although a precursdo-¢arotene) is available from
plants, especially in leafy green vegetation. Destruction of
vitamin A occurs in pelleting and during feed storage. Loss of
vitamin A during storage varieBom 6-30%, depending upon
whether the free alcohol or esterified form is used, presence of an
antioxidant, temperature reached during pelleting, etc.

C|\'|3 ,'FH:,, Iil '('.i:H3 |I'| CH,;
H:(I:/C\F/CQ(I:/C\?/CQ(F/C%?/CHzOH
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Functions:

0 Vitamin A is necessary for the visual processes, health and
proper functioning of the skirmucus membranes and lining
of the digestive, reproductive and respory tracts and
immune system

U In the vision process, as a component of visual pigments it
traps light in the eye and trigger nerve impulsiestire optic
nerve to the brain
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U It has anessential role in the synthesis of glycoproteins and
mucopolysaccharides, because it is necessary for the addition
of glycosyl (carbohydrate like) groups to protein to form
glycoproteins that are constituents of cell membranes,
connectve tissue and muclgecretions

U Itis needed for maintaining the integrity of epithelial linings
of all the openings of the body to air like alimentary canal,
respiratory tract, corneal epithelium, genitourinary tract and
the soft tissues around the eyes

U Vitamin A also has r@ in the cellular proliferation and
differentiation.

Vitamin D :

It IS
aptly known as
"sunshine

vitamin". It is

formed by the

irradiation  of

sterols in plants

and in the skin

of animals. ‘
Vitamin D H
found in two |
major forms D
(Ergocalciferol)

and B
(Chdecalciferol 10~

). Ergocalciferol

is activated plant sterol whereas cholecalciferol is an animal
sterol. They differ slightly in chemical structure. Sunlight plays
an important role with regard to vitamin D needs. Ultra violet
light contacting the skin convert 7-dehydrocholesterol to
vitamin Ds precursor. It is interesting that vitamin production

H
CH,

CALCIFEROL{D2)
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does not require sunlight. In all animals vitamipni® converted
to Ds, the metabolically active form.

Functions:

U Vitamin D plays an important role in Ca metébm, being
involved in the Ca almsption and bone mineralization

U The metabolically active form of vitamin D in the body is
1,25dihydroxy-cholecalciferol  (1,280HD3), which is
synthesized in the kidneys

U It acts like hormone in controlling Ca absorptiand bone
mineralization, through inducing the synthesis ofliiaing
protein synthesis.

Sources:

Fish and fish byproducts generally contain sufficient
levels of vitamin B, although improper or lengthy storage can
greatly diminish these levels. Commiatdorms of vitamin D are
available but large excesses can lead to toxicities. Bone
abnormalities can result with excess as well as a deficiency of
this vitamin.

Vitamin E:

The missing factor responsible for the unsuccessful
reproduction was first regmized in 1936 aa-tocopherol.

OH

H-C CHs

HzC

HaC, HaC CHa
Hac? H3

Vitamin E  { a-tocophero()
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The word tocopherol is taken from the Greekiokos
meaning'offspring’ pherein“to beat andol denoted td'alcohol
group attached to benzene ring/itamin E exists in several
chemical forms known as Tocopherols, watttocopherol having
the highest potency.

Functions:

U Vitamin E plays a significant role in the reduction of free
radicals, which can damage cell membranes aher dipic-
containing structures

U Vitamin E and Se compliment each other in the role of free
radial reduction; however vitamin E deficiency cannot be
alleviated by increasing Se or vice versa.

U It may also play a role in alleviating heat stress in layers. In
some experiments conducted by Rh&wilenc, layers were
maintained in controlled environmehbusing at 22C, then
held for onemonth at 32C, and finally returned to 2¢.
Dietary vitamin E levels of 315IU/kg resulted in higher rates
of lay and bettefeed conversion efficiency during the hot
period and in the following months.

U Other studies haveonfirmed that elevated dietawtamin E
can enhance disease resistance in pullets raised under heat
stress conditions of 8@ for 14 hour/day and 2@ for 10
hour/day (Ward, 1995).

Vitamin E and antioxidant functions:

Vitamin E is known to be a lipidomponent of biological
membranes and is considered a major chagaking antioxidant
during heat stress. Vitamin E is found mainly in the hydrocarbon
part of membrane lipid bilayer towards the membrane interface
and in close proximity to oxidase enzymegich initiate the
production of free radicals. Vitamin E is capable of interacting
with free radicals in both the agueous phase and the membrane. It
protects cells and tissues from oxidative damage induced by free
radicals. It does this primarily by sewing free radicals, which

66



can directly induce initiation (9O ,HO , etc) or propagation
(lipid peroxyl radicals) of lipid peroxidation. Vitamin E
suppresses the radical in reaction by donating its phenolic
hydrogen to the oxygen radicals. For exampllipid
hydroperoxide is formed together with a vitamin E radical, when
vitamin E reacts with the lipid peroxyl radical.

In the peroxidation of lipids, the lipid peroxyl radical acts
as a chain carrier (1), where LH, LQQ.OOH and L are lipid,
lipid peroxyl radical, lipid hydroperoxide and lipid radical,
respectively. Vitamin E must scavenge this lipid peroxyl radical
before it attacks the lipid molecule (2), where EH and E is
tocopherol andtocopheroxyl radical, respectively.

LOO- + LH LOOH + L (1)
LOO- + EHLOOH + E (2)

In organic homogeneous solutions, tocopherol scavenges
the peroxyl radical about0 times faster than lipid reacts with the
radical. Approximately 90% of the peroxyl radicals are
scavenged by tocophol before they attacthe lipid molecules.
The tocopheroxyl radical can react with another lipid peroxyl
radical to give adduct, which ma be reduced to
tocopherylquinone.

Vitamin E & meat quality:

Poultry meat is susceptible to off flavors and odors
because of its high concentrationpufly unsaturated fatty acids
(PUFAs). These may give poultry a competitive advantage over
red meat amng consumers worried about saturated fat intake,
but PUFAs are also more prone to oxidation. In addition,
restructuring and preooking of meat products significantly
increase the susceptibility of muscle tissue to oxidative
deterioration.

This wide rage in supplemental levels to preserve meat
qguality is necessary because the optimum level will depend on
many factors. Feeding oxidized fats or oils limits oxidative
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stability within the birés tissues, as does increased feeding of
PUFAs to enhance the mes fatty acid profile. Environmental
stress also affects vitamin E requirements and, thus, the total
supplementation needed to elevate tissue levels and avoid
oxidation.

Apart from its effectiveness in limiting oxidation, vitamin
E supplementation offetthe poultry industrytwo other benefits
in improving meat quality. First, vitamin E is a natural dietary
antioxidant, thus minimizing any consumer concerns about food
additives. Second, supplementation at these levels significantly
improves poultris nutrtional profile.

Vitamin E & bird health:

The importance of vitamin E adequacy to a strong
immune response has been well documented. Researchers have
demonstrated improved response to a wide variety of organisms
and diseases, including. coli, Newcasle disease (ND) and
infectious bursal disease (IBD), with increased vitamin E
supplementation.

Sources

Several forms of this vitamin exist as compounds known
as tocopherols. Vitamin E is only synthesized in plant and
bacterial cells. Levels of vitamii are generally high in fish
byproducts, however these levels quickly decrease during
storage, especially if the fish contains excessive fats and oils.
Cereals are also a good source of vitamin E.
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Table 1. Vitamin E supplementation and broiler performance

No. of Sub clinical Dietary % Deviation from commercial target
Flock category flocks IBD® status vitamin E Feed efficiency Weg:g per mglr?e(x:lli(ty
A 19 Negative High -2.58 +0.33 -0.53
B 17 Negative Medium -2.13 -0.57 -1.11
C 20 Positive High -0.13 -3.70 -0.71
D 23 Positive Medium +1.32 -5.90 -0.39

1. Infectious bursal disease
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Vitamin K :

The name
vitamin K was OH
proposed for it
from Danish word |
"Koagulatior{ S
which stands for
coagulation  i.e.
\livr?gwnlt ;i if]% trans-vitamin K -hydroquinone
coagulation vitamin. There atao natural forms of vitamin K
exist; phylloquinone (K, which is synthesized by green plants
and menaquinone @X synthesized by gut bacteria. Menadione
is a commercial watesoluble form of the vitaminVitamin K is
generally not toxic except when included at very high
concentrations, thus the vitamin can be routinely supplemented
in most diets without much concern.

Functions:

U Vitamin K functionsin the blood clotting processes

U It is essential for thectivation of prothrombin (a plasma
protein) by catalyzing the addition of carbondioxide (O
glutamic acid residues in prothrombin, cregtCa binding
sites

U During the clotting process, prothrombin is activated to
thrombin by addition of Ca; thrombioonverts the soluble
protein fibrinogen to insoluble fibrin, forming the clot.

WATER -SOLUBLE VITAMINS:

The Bwvitamins function as cofactors of enzymes
involved in energy metabolism. They include thiaming),B
riboflavin (By), pyridoxin (Bs), pantotherg acid, niacin, choline,
folic acid, biotin, ascorbic acid (C), cyanocobalaming)Btc.
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Vitamin C:

Vitamin C (ascorbic acid) car CH,OH
be synthesized in the kidneys of birdHéOH 0
Because the ability to synthesize th —0
vitamin is variable among species, al
excess can be given with little concel —_—
for toxicity, this vitamin should be 44 OH
routinely supplemented for all captive
birds.

Vitamin C & stress

Vitamin C has been shown to have some beneficial
effects in counteracting the effects of heat stress with egg
production, fertility and hatchability all responding positively to
Vitamin C supplementation to 100mg/kg. Although it has not
been determined exactly how vitamin C supplementation helps
negate the effects of stress.

The level of dietary supplemental viten C needed to
help combat the harmful effects of stress depends on a number of
factors, including the type and severity of stress and the age and
reproductive status of the bird.

Vitamin C & bone development

The increase in bone strength is especiathportant
because stress on leg bones increased as body weights rose while
frame size remained essentially unchanged. It has been estimated
that weak bones cause losses up to 15% of broilers and turkeys.
McDowell (2000) has suggested that many cases'fiefd
rickets' in poults may ultimately be due to stresduced vitamin
C deficiency.

In addition, as improvements in egg shell quality suggest,
vitamin C adequacy is also required for proper Ca utilization.
Specifically, ascorbic acid is a cofactor ihet conversion of
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vitamin D to the active hormonal metabolite calcitriol [%,25
(OH),D3]. It is this metabolite, not vitamin D itself, which
stimulates intestinal absorption of Ca by elevating activities of
duodenal Cainding protein and thus elevates plas@a to a
level that supports normal mineralization of bones. Reductions in
collagen synthesis and (or) calcitriol conversion would be
especially likely in young birds because the ability to
biosynthesize vitamin C develops gradually.

Role of vitamin C in various classes of poultry
Growing birds:

Vitamin C supplementation to stressed growing birds
shows benefits from day first to end. Whether the stress comes
from necessary management practices like beak trimming and
vaccinations or from disease, hedfress or preslaughter
cooping, studies have shown that the performance of growing
birds receiving dietary vitamin C exceeds that of unsupplemented
birds.

Without supplemental vitamin C, the young chick may be
particularly handicapped in responding toesf, because the
ability of poultry to synthesize vitamin C appears to be age
related. It has been estimated that the-aldychicKs ability to
synthesize vitamin C is only 1o 1/3% that of a 34 week old
bird. With the growth birds face new enviroantal and
immunological stress, either alone or in combination, the benefits
of supplemental vitamin C continue.

Breeders and layers

The supplemental vitamin C may favorably affect
reproductive performance in poultry during stress, due to its
involvement in the synthesis of steroid hormones, including the
sex hormones. Breeding and laying hens also exhibit heat stress
in a number of ways. Mortality was noticed to be more than 1%
less during a -3nonth period, when older hestressed hens
received 100r 200ppm of dietary ascorbic acid. Both levels of
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ascorbic acid also favorably affected internal egg quality and egg
shell quality.

Egg shell weight and egg specific gravity also increased
with 250 or 500ppm of dietary supplemental vitamin C in the
study conducted by Zapata and Gernat (1995). Egg production
increased by about 5% with either level of vitamin C fortification
in this study. Hens that received neither vitamin D nor vitamin C
averaged as many as 16.48% cracked orstwdtied eggs by 79
weeksof age (Figure 1).

Figure 1. Vitamin supplementation and cracked or soft
shelled eggs in older hens

N
o

16.4
15+ 13.7¢

Cracked or Soft-shelled Eggs (¥
o 5

o

None (Basal Feed)  Vitamin D Vitamin D + C
Supplementation Regimel

Note. Vitamin D = 2rg 1,25(0H),D4/kg of feed; vitamin C = 100ppm
(Weiser,et al.,1990)

With vitamin D supplementation of 2ug of calcitriol,
cracked and softhelled eggs in comparable hens were reduced
to 13.75%. More impressive still, however, including 100ppm of
vitamin C as well as D reduced cracked and-sbélled eggs to
8.62%. This represented a 37% reduction in cracked of soft
shelled eggs over the hens that received only vitamin D
supplementatin.
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Thiamin (B,):

Thiamin  was
first discovered inH3c\,//Nv\||:NH2 ﬁs | CH,CHOH
1897, when Eigkman N~ ,N‘\l
observed polyneuritis CHz @ CH3
in chickens fed only polished rice. This wasaluble ant
neuretic factor was named as vitamin Blpon the establishment
of its chemical nature, it was namesl thiamin. It is one of the

most important Bomplex vitamins. It is involved as cofactor in
several important biochemical reactions in the body.

Absorption:

Absorption of vitamin occurs in small intestine, from
where it is transported to the liver fphosphorylation under the
action of ATP to form cocarboxylase. A very little vitamin is
stored in the body and excreted readily from the body through
urine. Thus body requires a constant supply and the unneeded
intakes go to waste.

Functions:

U The majo function of thiamin is to egulate carbohydrate
metabolism. It is important for normal function of nerve
tissue and heart muscle

U0 Thiamin is the component of enzymes involved in
decarboxyaltion (C® removal) and transketolatientype
reactions such as eh

. CH,OH
conversion of pyruvate tc [ 2
acetate in carbohydrat IlOlClI
metabolism. IIO(JZII

_ _ HOCH
Riboflavin (B»): I

CH,
After the complex I

nature of this watesoluble H;C N /NYO
= NH
H;C N

RIBOFLAVIN



vitamin wasrecognized, it was assumed that the effects, which
could not be ascribed to a lack of améuretic factor, wereue

to lack of another single factor, termed vitamin B2. The term B2
is now reserved for vitamin Riboflavin. Riboflavin acts as a
cofactor for many enzymes involved in oxidati@duction. It is
commercially available as crystalline vitamin. It is stabldneat

but sensitive to degradation by light. Cereals and their
byproducts are relatively low in riboflavin in contrast to their
abundant thiamin contents.

Functions:

U It constitutes the prosthetic group of number of enzymes in
the body, which arénvolved in protein and fat metabolism,
including, cytochrome reductase, lipoamide dehydrogenase,
xanthine oxidase, 4 and D amino acid oxidases and
histaminase. All of these enzymes are concerned with the
oxidationreduction reaction, involved in tissue reggion

u The major function of flavin mononucleotide (FMN) and
flavin adenine dinucleotide (FAD) is to transfer hydrogen
between the nicotinic acid containing coenzymes,
nicotinamide adenine dinucleotide (NAD) and nicotinamide
adenine dinucleotide phosphatdNADP) and the Iron
porphyrincytochromes

Niacin:
Niacin is available O

commercially in two  forms,
nicotinamide and nicotinic acid. It is

stable in the presence of heat, oxyggN”™ 3 OH
moisture and light. Niacin in cereal |
grains (especially corn) is bound t s

amino acids and has low

bioavailability. Tryptophan may be converted into niacin;

however the efficiency is poor and not recommended as a
substitute for diet supplementation. Nicotinic acid is widely
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distributed among common poultry feeds, but the avaitgbil
from cereal grains is very low. Animal and fish byproducts are
good sources dhisvitamin.

Functions:

U Niacin is a constituent afwo important coenzymes; NAD
and NADP, which serve in number of reactions involved in
the carbohydate, protein and fanetabolism

U In biological oxidatiorreduction systems they rse as
electron transfer agents

U The NAD is specific for hydrogenases concerned in passing
electrons to oxygen via the electron transport system in the
Krebss cycle, serving as electron acaepin 3 of the 4
dehydrogenation reactions. Whereas NADP is specific for
dehydrogenases concerned with the biosynthetic reductions.

Pyridoxine (Be):

Gyorgy (1934) who separate”
vitamin Bs from the Bcomplex
defined it as the factdiresponsible for
the cure of a specific dermatitis HO ‘ TN CHOH
developed by young rats on thy
vitamin free diets supplemented wit 3
B: and riboflavii. Pyridoxine,
pyridoxal and pyridoxamine are the
threeactive forms of vitamin B

CH,OH

+
N

Functions:

It has several roles in protein metabolisraing involved
in amino acid inteconversions (transamination) and
decarboxylation. Decarboxylations lead to at leaatines that
affect nervous system functioning. Transaminations of certain
glycolysis and Krelis cycle intermediates form most of then
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essential amino acids, whereas the reverse is the basis of
gluconeogenesis from protein

Folic Acid:
Folic

acid is known astNYN N |
an antianemia Nﬁlj\ 0 CHz
vitamin. Folacin N CHz—NOC—N—?H
represents folic OH H H coo®
acid (pteroylgmonoglutamic acid) and the array of extended
glutamic acidconjugates. Folic acid is available commercially in

crystalline form. It is sensitive to heat and light but is not
affected by oxidation.

Functions:

U Folic Acid, a Bvitamin, acts as a carrier of single carbon
fragments and is involved in various methydatireactions
and enzyme systems

U Because of its role in DNA formation, it is essential for
normal cell development and growth. At the cellular level,
folacin is essential to the transfer of single carbon units in
various reactions, much as pantothenic &ielssential to the
transfer of 2carbon units

Requirements:

The intensive nature of modern poultry production has
led researchers to reconsider the folic acid requirements of
poultry for optimum nutrition. Although there is still uncertainty
over theserequirements, recent research suggests a need for
dietary supplemental levels greater than NRC requirements. Like
other species, poultry rely on both feed sources and microbial
synthesis in the intestine to meet their folacin (folic acid)
requirements. In feedstuffs, folacin occurs mainly in
polyglutamate forms, which must be converted via hydrolysis
into monoglutamate derivatives before they are absorbed,
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primarily in the duodenum and jejunum. These derivatives are
then transported in plasma to the cellere they are built up
again in step like fashion as pterggdlyglutamates.

Pentothenic acid

The word TH
pentothenic acid means CH H\/\ _OH
ubiquitous acid.”°/>< \H/ ‘|3|
Pentothenic acid is HC  Ch 4 0
commercially available as Pantothenic Acid
Capentothenate.

Bioavailability of pentothenic acid is ¢ from barley, wheat
and soybean meal but low in corn and sorghum.

Functions:

Pentothenic acid is best known for its role as prosthetic
group in coenzyme A and thereby is essential in energy
metabolism. Acetate and other fatty acids occur esterified to
coenzyme A (acetyCoA, fatty acyfCoA) in metabolism.

Biotin:
Biotin is a
o]

member of the /\N
watersoluble i H

vitamin B
complex and is an NH
essential nutrient 5 \/\/\<\ODMT

for all organisms. o
It is  widely C-F-NEPr
distributed in O-CHMEE

common
feedstuffs but its bioavailability is low in sonfeeds (wheat,
barley, sorghum and oats). Synthetic Biotin is quite expensive
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and should be carefully considered before supplementation. It
can be readily destroyed in the feed by rancidity so protected by
adding antioxidant to the feed.

Functions:

i

Biotin is important for poultry in several different ways. As a
co-enzyme, the function of biotin is to fix and hold £@

such a way as to permit the enzyme to transfer thet€@e
appropriate substrate

Carboxylation (CQ transfer) plays an essential rolarithg

the process of gluconeegesis and fatty acid synthesis

All living creatures must maintain a steady supply of glucose
in the blood to provide active cells with the energy they
continuously need. Here, biotin is indispensable through its
role in gluoneogenesis. Pyruvate carboxylase is a biotin
dependent enzyme in the gluconeogenesis pathway where it
permits the maintenance of normal blood sugar concentration
by controlling the conversioof stored energy into glucose

In fatty acid synthesis, it comis the carboxylation of
acetylcoenzyme A to malonglbenzyme A (acetyCoA
carboxylase is biotin dependent). Biotin also affects protein
synthesis through its influence on the nature and rate of
formation of ribonucleic acid.

Sources

Biotin is presehin many feeds, but is only partially

available to poultry. In particular the biotin in many cereals, such
as wheat, barley and oats is very poorly available compared to
biotin in maize or soybean meal (Table 2).

Table 2. Average available biotin conterd in raw materials used in

poultry diets
Raw material | Average biotin Biotin Available biotin
contents availability contents
(ry/kg DM) (%) (Hg/kg DM)
Wheat 101 5 5
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Barley 140 20 28
Oats 246 40 98
Maize 52 100 52
Sorghums 287 25 72
Cottonseed meal 230 90 207
Fish meal 135 100 135

(Roche Vitamins, 2000)
Table 3. Recommended biotin levels (mg/kg) for various avian species

Supplementary Age
biotin in feed" (days)
Chick Starter 0.1-0.2 1-21
Grower 0.1-:0.15 22+
Broiler Starter 0.1-0.2 1-21
Grower/finisher 0.150.25 22+
Breeder 0.20.4

1. Wheat based diets for poultry should use the higher recommendation.
Note: Where bhirds are known to be stressed by extremes of the environment
or by disease the biotin supply should be increased by a tdQarr 3

(Roche Vitamins, 2000)

Requirements

The recommended supplements of biotin listed in table 3
are the optimum additions for most feed mixtures for the specific
species andge. They include the amounts necessary for normal
nutrition, a safety margin and where appropriate an additional
amount for optimum performance.

Cyanocobalamine (B»):

Vitamin By, is isolated from liver in 1948 and is also
called as antpernicious anenai factor. It is dietary essential for
poultry because it does not occur in plants. The concentration of
vitamin By, is high in spleen, bone marrow, liver, kidney and
skin. It is available in crystalline form as cyanocobalamine. It has
good stability in feds. The complex structure of
cyanocobalamine is shown in the figure 2.
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CH2CONHa

NH2COCH2

HsC
NH2COCH2CHz2' CHa
NH2COCH2

CH2CH2CONH2

CHs

Figure 2. A molecule of vitamin B,

Functions:

U Vitamin B;z is a cofactor for enzymes transferringcdrbon
units and catalyzing rearrangements in the carbon skeleton of
several metbolic intermediates

U In fowl, vitamin B, mediated icarbon transfers involve
methionine, serine, choline and thymidine, whereas the
interconversion of methylmalonyl coenzyme A to succinyl
coenzyme A is one of the rearrangement reactions requiring
vitamin B>

U It along with folic acid has a dual role in the formation of
erythrocytes.
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Choline:

Choline is often considered as vitamin, although it is not.
However it is dietary essential. It can be synthesized in the body
using methyl groups from methionin@tht is less expensive to
supplement choline.

Functions:

U Choline is a constituent of phospholipids, lecithin and
sphingionyelin

U It is also essential for nerve function and as a component of
acetylcholine it released at the terminatioof the
parasympdtetic nerves

U Choline after its conversion to betaine provides labile methyl
groups for the formation of methionine from homocystein
(Figure 3) and of creatine from guanidoacetic acid.

U Therefore, choline spares dietary methionine for other
metabolic fundbns.

Harmocystein Methionine
coo ® coo®

@ | S-hethytetrahydrofolate &

H;H—CH kTetrahyerfl:nlate H;H—CH

CH CH.
| 2 Harmocysteine } |
CH, methyltransferase CH,
I Methrylcobalamin I
SH 5—CH;

Figure 3. Transfer of homocystein to methionine

Provitamins:

Provitamins are a class of substances closely related to
the vitamins. Most of them resemble carotene. The term
"carotenoid is derived fromb-carotene, the gment of carrots.
Carotenoids are widely distributed in nature and are found in
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grasses, carrots, paprika and citrus fruits. Chemically they are
very similar to vitamin A.

Vitamin withdrawal and performance:

In a broiler study, the effects of withdrawing
supplemental vitamins and tran@nerals from the feed in days
28 through 49 were reported (Table 4). When both were
withdrawn, growth rate and feed efficiency declined even when
the birds wereh heat stressed. Traceineral withdrawal from
the diet did not affect live production performance, carcass
characteristics or immunocompetence. When the 4radoerals
were left in the diet and vitamins withdrawn, gain, feed
efficiency, survivability and carcass traits all suffered. It appears
from these studiesat vitamin withdrawal, or inadequate levels
of vitamins, can be damaging to growth rate and immune
response.
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Table 4. Effects of vitamin and tracemineral withdrawal on broiler
performance

Basal | Withdrawa | Withdrawa | Withdrawa | Poole
diet | of | of trace- | | of vitamin d
vitamins minerals and trace- | SEM*
minerals
Weight gain,| 1279 1103 1254° 1242 13
g
Feed 0.37 0.37 0.36° 0.3% 0.01
efficiency
Survivability | 90° 83 88 87 2
, %
Antibody 8.8 8.6 9.09 9.02 0.22
titre?
Specific 1.051 1.047 105 1.05 0.00
gravity @
Fat pad, % 1.6 1.7 1.7 1.9 0.14
CW
1. Standard error of mean (Deyhim and Teeter, 1993)

2. Antibody titer to sheep red blood cells

3. Carcass Weight

8¢ Means within a row without common superscripts differ significantly
(P<0.05)
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Chapter 8

Gastrointestinal Tract

Avian species vary in their gastrointestinal organization
and nutritional needs. Most of the knowledge of avian nutrition
comes from research on production birds, including chickens and
turkeys. However, other species likaptors, sea birds and
browsers (grouse) still require much research just to define their
basic nutrient requirements.

Lungs Kidney

Ceca Ovary
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AVIAN DIGESTIVE TRAC T:

The digestive tract is a tube running from mouth to
cloaca. This tubes like an assembly line, or more properly, a
disassembly linelts chief goal is to break down huge macro
molecules (proteins, fats and starch), which cannot be absorbed
intact, into smaller molecules (amino acids, fatty acids and
glucose) that can be strbed across the wall of the tube, and
into the circulatory system for dissemination around body.
Digestion in birds involves a lot of organs, each performing a
specific function. It begins with entry of food via beak and ends
with exiting of refuse at v@. Digestive system of poultry is
depicted in figure 1.

Proper function of the digestive system requires robust
control systemsThese systems must facilitate communication
among different sections of the digestive tract and between the
digestive tractand the brainControl of digestive function is
achieved through a combination of electrical and hormonal
messages, which originate either within the digestive systems,
own nervous and endocrine systems, as well as from the central
nervous system (CNS) arftom endocrine organs such as the
adrenal gland.
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Source: Chicken anatomy & physiology

Figure 1. Digestive system of poultry
The mouth:

The avian beak (rostrum) is compdsof bone and an
outer horny lkratin sheath. Keratin replacemenbntinues
throughout the life of the bird. In large parrots, the keration is
worn down by digging, eating and chewing on hard objects and
is completely replaced in 6 months on the upper bill (maxillary
rostrum) and in B months on the lower bill (manditzul
rostrum). The cutting edges of the beak are tomia, which take the
place of teeth. In some parrots, the urside of the upper beak
has ridges for holding food and maintaining the edge of the lower

beak. The tip of the upper and lower beak is richlypsagd with
nerve endings.
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The tongue, just as the beak, is adapted to the type of
food the bird consumes. Parrots, birds of prey and finches have
short, thick, fleshy tongues, which allow them to manipulate their
food. Fowl and pelicans have nrprotrudible tongues with
caudally directed papillae, which allow the food to be easily
shoved to the back of the mouth for swallowing. Birds do not
have an epiglottis to prevent food from entering their larynx.
Instead, the opening of the glottis closes durimgl®wing.

Numerous small salivary glands are found in the oral
cavity. These are best developed in birds that eat a dry diet such
as seed and insect eaters and least developed in birds that eat a
moist diet such as fish. Mucus is the major substangetsecby
the avian salivary glands. It acts as a lubricant in swallowing.

Esophagus and crop

The esophagus transports food from the mouth to the
stomach. Many species of birds (chicken and parrots) have an
enlarged area of the esophagus known as aamtgrior to the
stomach. The size and shape of crops vary according to the
eating habits of the species, and may be unilobular, bilobed
spindle shaped. The crops of certain granivorus birds are bilobed
and large. The crop can serve several purpospsndang on the
species. Additionally, in some birds, the crop serves as a
transport device for food destined for nestlings that are not yet
able to forage on their own.

The stomach

Birds have atwo-part stomach, a glandular portion
known as the proventulus and a muscular portion known as the
gizzard (Figure 2). Specialized cells in the proventriculus where
chemical digestion begins secrete hydrochloric acid (HCI),
mucus and digestive enzyme pepsin. The gizzard has a thick
muscular wall and plays amportant part in the mechanical
digestion by crushing and grinding food.
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Figure 2. Gizzard, proventriculus, duodenum and pancreas

Fish and meat eaters have a thvalled sack like stomach
that is adapted for storage rather thaechanical digestion. The
distinction between the proventriculus and the gizzard is difficult
to determine. Seedeaters (such as parrots), insectivores and
herbivores have a very well developed gizzard adapted for
mechanical breakdown of indigestible foodheTproventriculus
is easy to distinguish from the gizzard in these birds. The
stomachs of carnivores also secrete greater amounts of HCI that
destroy any harmful bacteria, which may be present in the meat
they consume.

The small intestine

A bulk of thesmall intestine is suspended from the body
wall by an extension of the peritoneum called the mesenkagy.
small intestineis the primary site of chemical digestion and
nutrient absorption. It is the longest section of the digestive tube
and consists of 8egments forming a passage from the pylorus to
the large intestine and arranged inshhped loops in the
abdominal cavity. 1) Duodenyna short section that receives
secretions from pancreas and liver pancreatic and common
bile ducts, 2) Jejunumoasdered to be roughly closer to 90% in
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animals, and 3)leum is the portion thatnepties into thdarge
intestine It is the short terminal section of small intestine.

The liver lies in the abdominal cavity, in cant with
diaphragm. The large liver is divided into a right and left lobe. In
most species the right lobe is larger than the left. In some species,
such as songbirds, the right lobe is subdivided. The liver has
numerous functions among which, is the prduturcof bile. Bile
is important in the breakdown of fat and is stored in the
gallbladder.

The digestive tract is sterile at hatching. Altricial chicks
are the chicks born blind and helpless and are inoculated with
microflora when parents feed them. feoeial chicks are the
chicks that are able to feed on their own shortly after hatching,
are inoculated by bacteria from their environment during feeding.

The microorganisms in the intestine produce the enzyme
cellulase, which assists in the breakdown dfutese; a fibrous
component of plant cell walls. Enzymes in the plant food itself
will also aid in the breakdown of cellulose in the intestinal tract.
The parrot utilizes some of the carbohydrates, vitamins, minerals
and protein from the cellulose matéria

The large intestine

The large intestings the part of digestive tube between
terminal ileum and anus. Ingesta from the small intestine enter
large intestinethrough ileececal valve. Withinlarge intesting
major segments are recognized RsCecum,which is a blind
ended pouch and unlike mammals, these are usually paired
structures (caeca) in poultry; ZJolon, that constitutes the
majority of the length ofarge intestineand is sukclassified into
ascending, transverse and descendingisets; and 3Tloacais
short, terminal segment of digestive tube, continuous with the
anal canalThe large intestings the last attraction in digestive
tube and the location of terminal phases of digesttdanctions
in 3 processes:
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1. Recovery of water and electrolytes from ingesta

By the time ingesta reaelthe terminal ileum, roughly
90% of its water has been absorbed, but considerable water and
electrolytes like sodium (Na) and chloride (Cl) remain and must
be recovered by absorpti in the large gut.

2. Formation and storage of faeces:

As ingesta moves through thelarge intesting it is
dehydrated, mixed with bacteria and mucus, and formed into
feces.

3. Microbial Fermentation:

The large intestineof all spedes contains micrdhl life.

These microbes produce enzymes capable of digesting many of
molecules that are indigestible, cellulose being a premier
example. The extent and benefif fermentation also varies
greatly among species.

The large intestineis composed of pairedaeca and
rectum. The shape and size of the caeca vary in different species
of birds. The caeca of the chickens are well developed while
those of the songbirds are very small. Caeca are very
rudimentary or absent in some species such as parrots and
pigeons.Cellulose breakdown by bacteria occurs in the caeca.
The caeca in birds appear to perform much the same function as
that of mammals, allowing further degradation of substrates that
are more difficult to digest. THarge intestineas in mammals is
mostly where fermentation takes place along with absorption of
water and watesoluble vitamins, minerals, etc.
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GASTROINTESTINAL TRA CT SECRETIONS:

Salivary secretions

Saliva production is exocrine in nature (secreted into
ducts which deliver the producb tthe oral cavity). Salivary
secretions serve several important functions. It acts to dissolve
food and disperse it in mouth for taste perception and prepare it
for further enzymatic action. Saliva also provides some digestive
action e.g., amylase, whicls & common constituent of saliva,
can break down polysaccharides (starch), into simple sugars
(maltose and glucose This buffering action is primarily a
function of bicarbonate (HC) and phosphate (Rpions, along
with electrolytes including Na, Cl anaassium.

Gastric secretions

Control of gastric activities is accomplished through a
complicated array of hormonal and nervous inputs. To
complicate matters further, several of the peptide hormones that
affect the gastrointestinal tract (GIT) are founokthbin nerve
tissues (including the brain) and in endocrine cells in the gut. A
few of gastric secretions are discussed as under.

Gastrin:

Gastrin is released from gastrin cells-¢&lls) in the
pyloric glandular region of the proventriculus. It stimusateid
(HCI) production by the proventriculus. Gastrin is released in
response to both luminal and nervous stimuli. Amino acids and
protein fragments in the proventriculus are the main luminal
stimuli. Vagus nerves then release acetylcholine (ACH), which
stimulates the Gcells to produce gastrin. The GRP is released in
response to anticipation of feeding, distention of the
proventriculus and other signals.
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Pepsin

Peptic cells (or chief cells), found in the oxyntic glands of
the proventriculus, produce epsinogen. Pepsinogen is a
zymogen (preenzyme), which is quickly converted to the active
proteolytic enzyme, pepsin, in an acid environment. Pepsin can
digest most protein, including collagen. This is important since
pancreatic proteases and other enzymeésased downstream of
the stomach have little ability to digest collagen.

Acid:

Hydrochloric acid is secreted from parietal céfito the
lumen where it establishes an extremely acidic environment. This
acid is important foactivation of pepsinogen and inactivation of
ingested microorganisms such as bacteria.

Mucus:

The most abundant epithelial cells are mucous cells,
which cover the entire lumenal surface and extend down into the
glands. These cells secrete a bicarbenate mucusthat coats
and lubricates the gastric surface, and serves an important role in
protecting the epithelium from acid and other chemical insults.

Intestinal secretions

By the time ingesta reach thenall intestine, feedstuffs
have been mechanically broken down and reduced to a liquid by
mastication and grinding in the stomach. Once within the small
intestine, these macimolecular aggregates are exposed to
pancreatic enzymes and bile, which enablegestion to
molecules capable or almost capable of being absorbed.
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Figure 3. pH in different segments of gastrointestinal tract of
poultry

Stomach contents are passed into shmeall intestineby
the pyloric valve. This material &ill very acidic at this point,
however bile and pancreatic ducts open into the duodenum a
short distance downstream of the pylorus and both provide
secretions with a high alkaline content that neutralizes the
gastric chyme. Figure 3 illustrates the pH the different
important segments of the digestive tract of the poultry.

Food substrates (proteins, fats and carbohydrates)
stimulate the production of hormones in the small intestine, as in
the proventriculus. While the GIT might not be thought ofras a
endocrine organ, it has been estimated that the total mass of
endocrine cells in the small intestine and stomach exceeds that of
all other endocrine glands. Small intestinal hormones include
secretin, cholecystokinin (CCK), gastric inhibitory polypeptide
(GIP) and motilin, which are produced by specialized glands in
the duodenum and upper jejunum.

Large quantities of water are also secreted into the lumen
of the small intestine during the digestive process. Almost all of
this water is also reabrbed in the small intestine. Regardless of
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whether it is being secreted or absorbed, water flows across the
mucosa in response to osmotic gradients.

Pancreatic secretions

As chyme floods into the small intestine from the
stomach, 2 things Ippen, firstly, acid must be quickly and
efficiently neutralized to prevent damage to the duodenal
mucosa, and secondly maarwlecular nutrients (proteins, fats
and starch) must be broken down much further before their
constituents can be absorbed throtlghhmucosa into blood. The
pancreas produces trypsin, chymotrypsin, carb@nd amine
peptidases, lipase and ribonucleases.

Trypsin is an endopeptidase, which digests proteins at the
carboxyl end of arginine and lysineyo dibasic amino acids. It
also pays a major role in activating chymotrypsin from
chymotrypsinogen, its respective zymogen. Chymotrypsin is
another endopeptidase. Like pepsin, this enzyme cleaves proteins
on the carboxyl side of the 3 aliphatic amino acids, tyrosine,
phenylalanine and yptophan. The breakdown of starch by
pancreatic amylase; carbohydrates by sucrase, maltase, lactase
and other saccharidases; nucleic acids by -pabtjeotidases;
purinecontaining nucleosides by nucleosidases; and, lecithins by
lecithinases, are other saiit functions of pancreatic secretions.

In addition to its role as an exocrine organ, the pancreas is
also an endocrine organ and secretingulin and glucaggn
which play a vital role in carbohydrate catipid metabolism.
They are absolutely necessary for maintaining normal blood
concentrations of glucose.

Bile secretions

The liver and gall bladder play a major role in the
digestion of nutrients, by producing and secreting bile. Bile is a
complex flud containing water, electrolytes and a battery of
organic molecules including bile acids, cholesterol,
phospholipids and bilirubin that flow through the biliary tract
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into the small intestine. The primary acids normally enter the bile
as taurine and glycen conjugates (taurocholic, glychocholic
acids in the case of cholic acid). All are derived from cholesterol
through a series of direct or indirect pathways. Once in the
intestine, primary acids may be further converted to the
secondary acids. More than 9086 bile acids are recycled, via
reabsorption by the intestine. Because they are derived from
cholesterol, and since cells cannot break down the steroid
nucleus of cholesterol, excretion of unabsorbed bile acids is the
primary way in which cholesterol i®dt from the body.Many
waste products are eliminated from the body by secretion into
bile and elimination in feces.

The liver is well known to metabolize and excrete into
bile many compounds and toxins, thus eliminating them from the
body. Examples can be found among both endogenous molecules
(steroid hormones, calcium) and exogenous compounds (many
antibiotics and metabolites of drugs). The most important and
clinically relevant examples of waste elimination via bile is that
of bilirubin. Additionally, the mechanisms involved in
elimination of bilirubin are similar to those used for elimination
of many drugs and toxins.

HORMONES OF THE GASTROINTESTINAL
TRACT:

Their are 3 important hormones of the GIT namely CCK,
secretin and gash.

1. Cholecystokinin:

This hormone is synthesized and secreted by enteric
endocrine cells located in the duodenum. The name of this
hormone describes its effect on the biliary syst&holecysto
means gallbladder an#inin is movement once released, i
stimulates contractions of the gallbladder and common bile duct,
resulting in delivery of bile into the gut. As chyme floods into the
small intestine, CCK is released into blood and binds to receptors
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on pancreatic acinar cells, ordering them to sectatge
guantities of digestive enzymes.

2. Secretin

This hormone is also a product of endocrinocytes located
in the epithelium of the proximal small intestine. Secretin is
secreted in response to acid in the duodenum, which of course
occurs when acithden chyme from the stomach flows through
the pylorus. The bicarbonate and water expands the volume of
bile and increases its flow out into the intestine.

3. Gastrin:

This hormone is secreted in large amounts by tHuels,
scattered among the secretorytiegial cells in the stomach, in
response to gastric distention and irritation. Being a hormone,
gastrin is secreted into blood, not into the lumen of the stomach

The enteric nervous system

The nervous system exerts a profound influence bn al
digestive processes, namely motility, ion transport associated
with secretion and absorption, and gastrointestinal blood flow.
Some of this control emanates from connections between the
digestive system and CNS, bie digestive system is endowed
with its own, local nervous system referred to as the enteric or
intrinsic nervous system.

Enteric neurons secrete an intimidating array of
neurotransmitters.The major neurotransmitter produced by
enteric neurons is acetylcholine. In general, neurons thedteec
acetylcholine are excitatory, stimulating smooth muscle
contraction, increases in intestinal secretions, release of enteric
hormones and dilation of blood vessels
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The enteric endocrine system

The second of théwo important systems thatontrol
digestive function is the endocrine system, which regulates
function by secreting hormones. otinones are chemical
messengers secreted into blood that modify the physiology of
target cells.

Hormones produced in many endocrine glands affect
digestive function, but hormones produced within the GIT exert
the most profound controlThe GIT is the largest endocrine
organ in the body and the endocrine cells within it are referred to
collectively as the"enteric endocrine systémThree of the
enteric homones are, Gastrin, CCK and secretin. Gastrin is
secreted from the stomach and plays an important role in control
of gastric acid secretion.

To illustrate how control is implemented through the
enteric endocrine system, consider the important example of
preventing stomach acid from burning the epithelium of the
small intestineAcid-laden ingesta flow out of the stomach, into
the small intestine, where acid in the small intestine stimulates
the secretion of the hormone secretin from endocrine cells in the
intestinal epithelium. Secretin stimulates the pancreas to dump a
bicarbonateich fluid into the lumen of the intestine.

Gastrointestinal motility :

The digestive tube conducts fundamental patterns of
motility, which is "propulsioni. Fealstufs must be propelled
along the length of the digestive tube in order to be subjected to
the sequential series of processing involved in disassembly and
absorption. The principal type of propulsive motility, seen in the
esophagus and small intestine, p&ristalsis’. A ring of muscle
contraction appears on the oral side of a bolus of ingesta and
moves towardthe anus, propelling the contents of the lumen in
that direction; as the ring moves, the muscle on the other side of
the distended area relaxes, faating smooth passage of the
bolus.
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Chapter 9

Absorption and Metabolisn

Absorption:

The small intestine is the portal for absorption of virtually
all nutrients into blood. Accomplishing this transport entails
breaking down large supramolecular aggregates into small
moleaules that can be transported across the epithelium. The net
effect of passage through temall intestines absorption of most
of the water and electrolytes {sodium (Na), chloride (CI),
potassium (K)} and essentially all dietary organic molecules
(including glucose, amino acids and fatty acid)bsorption
processes fall into 3 broad categories.

Simple diffusion:

It can be driven by concentration gradients, if the
membrane is permeable to the substrate. Volatile fatty acids
(VFA) and simple lipids are absbed through this process. Once
the compounds cross into a cell membrane they can be altered or
moved by other means so that the gradient can persist for further
absorption of like molecules.

Facilitated diffusion:

It is again driven by concentrationaglients. However, in
this case the membrane is not permeable to the substance and
carrier molecules are required to traverse the membrane. As
such, these systems are saturable, since only a limited number of
carrier molecules may be available. This typenwéchanism
absorbs some sugars.

99



Active Transport:

It can occur in the absence of a concentration gradient or
even against a gradient. This mode of absorption requires energy,
usually in the form of adenosine triphosphate (ATP). This
process absorbs ntagugars, amino acids and short peptides.

All of this absorption and much of the enzymatic
digestion takes place on the surface of small intestine epithelial
cells and to accommodate these processes, a huge mucosal
surface area is required.

Virtually all nutrients, including amino acids and sugars,
enter the body across the epithelium covering small intestine
villi. Each villus contains a capillary bed and a blentded
lymphatic vessel referred to as theentral lactedl After
crossing the epitheliummost of these molecules diffuse into a
capillary network inside the villus, and hence into systemic
blood. Some molecules, fats in particular, are transported not
into capillaries, but rather into the lymphatic vessel, which
drains from the intestine an@pidly flows into blood via the
thoracic duct.

It's probably fair to say that the single most important
process that takes place in the small intestine to make such
absorption possible is establishment of an electrochemical
gradient of Na across the dptial cell boundary of the lumen.
To remain viable, all cells are required to maintain a low
intracellular concentration of Na. Low intracellular Na is
maintained by a large number of W&" ATPases, so calleétNa-

K pumps embedded in the basolateral mearte.

Sodium is absorbed into the cell by several mechanisms,
but chief among them is by d4oansport with glucose aramino
acids It reflects that efficient Na absorption is dependent on
absorption of these organic solutesh&ii a lot of Nas entering
the cell, a lot of Na is also pumped out of the cell, which
establishes a high osmolarity in the small intercellular spaces
between adjacent enterocytes.
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Water absorption:

Water is absorbed into the intercellular space by diffusion
down an osmtic gradient. Transport of water from lumen to
blood is often against an osmotic gradient. This is important
because it means that the intestine can absorb water into blood
even when the osmolarity in the lumen is higher than osmolarity
of blood. This ablity is best explained by th&3-compartment
model' for absorption of water and, like many aspects of gut
permeability (Figure 1).

Hemhrape 1 HeTnhlane 2
' |
1
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Epithelial  Interstitial Capillary
cell space lumen

Figure 1. 3compartment model for water absorption

Carbohydrate absorption:

Polysaccharides andisdccharides must be digested to
monosaccharides prior to absorption and the key players in these
processes are the brush border hydrolases, which include
maltase, lactase and sucrafeetary lactose and sucrose and
maltose derived from digestion of stayadiffuse in the small
intestine lumen and come in contact with the surface of
absorptive epithelial cells covering the villi where they engage
with brush border hydrolases. Maltase, lactase and sucrase cleave
maltose, lactose and sucrose, respectivetg, simpler molecules
of glucose, galactose and fructose.

Absorption of glucose entails transport from the intestinal
lumen, across the epithelium and into blood. The transporter that
carries glucose and galactose into the enterocyte is'Niae
dependenhexosetransportér, known more formally as
SGLUT-1. This molecule transports both glucose and Na into the
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cell and in fact, will not transport either alor@nce inside the
enterocyte, glucose and Na must be exported from the cell into
blood. Glucose istransported out of the enterocyte through a
different transporter (called GLUZ) in the basolateral
membrane. Glucose then diffuséslown’ its concentration
gradient into capillary blood within the villus.

Fermenting microflora in the caeca produces VFA.
Substrates for fermentation may be fiber and complex
oligosaccharides. However, starch, which is found in large
concentrations in the gralmased diets, is more likely the
substrate responsible for VFA production in monogastrics.
Regardless of the impaof VFA on the total energy balance of
monogastrics, it should be remembered that VFA are probably
the primary source of energy for the gut mass; with some reports
indicating these organic acids contribute up to 70% of intestinal
energy needs.

Amino acid and peptide absorption

The brush border of the small intestine is equipped with a
family of peptidases. Like lactase and maltase, these peptidases
are integral membrane proteins rather than soluble enzymes.
They function to further hydrolysis of lumenaleptides,
converting them to free amino acids and very small peptides.
These end products of digestion, formed on the surface of the
enterocyte, are ready for absorption.

The lumenal plasma membrane of the absorptive cell
bears at least 4 N@dependent ammacid transporters; one each
for acidic, basic, neutral and aliphatic amino acids. These
transporters bind amino acids only after binding Naus,
absorption ofamino acidis also absolutely dependent on the
electrochemical gradient of Na across thehsgbitim.

Neutral amino acids such as leucine, glycine and valine
are all transported by a common system. Basic amino acids such
as arginine and lysine also share a common transport system, as
do acidic amino acids, including aspartate and glutamaten@roli
and hydroxyproline, lending to their unusual structures, require
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yet another separate transport system. Recent evidence also
suggests active transport of short peptides across the gut
membrane. Transport of peptides (usually @l tri-peptides)
may ocar via the same systems described above, or it may
require other specialized systems. Additionally, some larger
peptides can be absorbed intact by endocytosis.

There is virtually no absorption of peptides longer than 3
amino acidsHowever, it seems thé#tere is abundant absorption
of di- and tripeptides in themall intestine These small peptides
are absorbed without dependence on Na, probably by a single
transport moleculeOnce inside the enterocyte, the vast bulk of
di- and tripeptides are digestedo amino acids by cytoplasmic
peptidases and exported from the cell into blood. Only a very
small number of these small peptides enter blood intact.

Lipid absorption:

As with amino acids, the majority of lipids are absorbed
in the small intestine invdan species. Lipids are presented to the
small intestine in much the same condition as they are consumed.
The bulk of dietary lipid is neutral fat or triglyceride, composed
of a glycerol backbone with each carbon linked tattyfacid
Additionally, most feedstuffs contain phospholipids, sterols like
cholesterol and many minor lipids, including -&mluble
vitamins.In order for the triglyceride to be absorbed, 2 processes
(Figure 2 and 3)nust occur. Firstly,drge aggregates of dietary
triglyceride, which are virtually insoluble in an aqueous
environment, must be broken down physically and held in
suspension (emulsification). Secondly, triglyceride molecules
must be enzymatically digested to yield monoglyceride attg f
acids both of which ca efficiently diffuse into the enterocyte.
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Figure 2. Emulsification of a triglyceride
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Figure 3. Enzymatic breakdown of triglyceride to monoglyceride and
fatty acid

The key players in these 2 transfotimas are bile salts
and pancreatic lipase, both of which are mixed with chyme and
act in the lumen of the small intestine. Lipases in pancreatic and
bile secretions hydrolyze the ester bonds of triglycerides,
liberating the &tty acidsof varying lengthsfrom glycerol;
generally leaving di or monoacylglycerides. Biand mone
acylglycerides are more common end products of hydrolysis than
free glycerol because as any of the &tyf acid chains is
hydrolyzed from a triglyceride, it becomes increasingly clifii
to remove the second and third chain. Any free glycerol that does
result is rapidly absorbed in the small intestine by passive
diffusion, as are the shorteaitfy acidchains (<14 carbons) that
may result.

As monoglycerides andafty acidsare liberded through
the action of lipase, they retain their association with bile salts
and complex with other lipids to form structures called
"micelles (Figure 4) Micelles are essentially small aggregates
of mixed lipids and bile salts suspended within theegstg. As
the ingesta are mixed, micelles bump into the brush border and
the lipids, including monoglyceride andtty acids are absorbed.
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Bile salts playtheir critical role in lipid assimilation by
promoting emulsification. Bile acids or their salts emulsify
monoacylglycerides and longer free fatty acids (FFA), negating
any hydrophobic properties. In the process, micelles, with
hydrophobic cores and hydiaofpic exteriors, are formed. Very
low-density lipoproteins (VLDL), which are similar, but smaller
than chylomicrons, are also formed to a lesser degree. Following
the transport of lipids into the cells, bile acids are returned to the
lumen, via active trasport, to be reabsorbed in the ileum for later
recycling back into the bile system.

Lipids absorbed and incorporated into chylomicrons are
not transported directly into the circulatory system, as are
carbohydrates and amino acids. Rather, the chylomiczotey
the lymplatic system by way of a small lymph channel, called a
lacteal, which traverses each villus. Via the lymph system,
chylomicrons can be distributed to the peripheral tissues where
lipids can be extracted as needed. Eventually, chylomicrahs an
chylomicron remnants (whatleft following extraction of some
lipids) also enter the circulatory system, where further processing
can occur in the blood and liver. In this process, there may be a
subsequent conversion to VLDL, intermediate density
lipoprotein (IDL) and highdensity lipoprotein (HDL).

Mineral absorption:

Approximately 90% of water absorption occurs in the
small intestine. The remaining water is absorbed in the large
intestine. Along with water; these organs absorb electrolytes and
minerals as well. Sodium salts are highly soluble in water. Hence
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they are rapidly absorbed and circulate through all the tissues of
the body.

Some minerals, such as K, are absorbed by passive
diffusion. Otker substances, such as water, phosphate
magnesium ah CI are controlled to some extent by Na
concentrations on either side of the absorptive surface. In some
cases, active transport mechanisms, similar to those already
described, are employed. In other cases, the concentrations of
Na' inside the cell causmovement of other substances based on
charge. Anions such as @ll into this category.

Calcium (Ca) absorption is facilitated by -Geding
protein in a mechanism that involves active transport to the
blood. Some hormonal control is also involvedCia absorption.
Parathyroid hormone promotes formation of vitamig fibm
vitamin D. Vitamin 3 uphold synthesis of Chinding protein,
which then further helps transport of Ca. This absorption process
is described in the figure 5.
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Figure 5. Calcium absorption

As it is well understood, Ca and phosphorus (P) share a
somewhat antagonistic relationship. Excess P, e.g. will form
insoluble complexes with Ca, thus increasing the dietary need for
Ca. Proper dietary Ca: P ratios ranganrirabout 1.3:1 to about
2.3:1, depending on the species and phase of growth. A particular
disorder associated with improper Ca: P ratio is nutritional
secondary hypeparathyroidism (NSH). At this point, regulation
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of Ca is lost and decalcification or ogp®rosis of bone occurs,
leading to debilitating disorders. Phosphorus is predominantly
absorbed as inorganphosphate in the upper small intestine.

Iron (Fe) homeostasis is regulated at the level of intestinal
absorption, and it is important that adatgibut not excessive
guantities of Fe be absorbed from the dietcellular storage
protein called ferritin is involved in absorption and retention in
the cells. Ferrous salts are absorbed more efficiently thef. Fe
Once absorbed, the body tenaciousiids on to the Fe for reuse.
For example, most of the Fe released from red blood cell
breakdown is used to synthesize new hemoglobin. Iron-s co
transported with a proton into the enterocyte via the divalent
metal transporter (DMFL). This transporter isat specific for
Fe, and also transports many divalent metal ions. This process is
showed in the figure 6.
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Figure 6. Iron absorption

Sulfur is also absorbed from the small intestine. Free
amino acids; thiamine, pyridoxine andotm are absorbed
without decomposition, while the sulfur (S) containing amino
acids are absorbed following the cleavage of protein. Absorption
and assimilation of Bontaining amino acids are determined by
the levels of protein and energy in the feed arel affected by
active transport mechanisms. Sulfate and stitaken in with
the feed seems to be absorbed by simple diffusion. About 90% of
the absorbe® is excreted through the urine.
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When inorganid is consumed, it is absorbed from the
GIT by 2 pocesses. First is common to other halides such as CI
or bromine, and second is specific for I. The stomach and
duodenum not only absorb I, but also secrete it in gastric juice. In
fact, gastric juice often has arcdncentration 40 times higher
than blood plasma. lodine absorbed from the blood by the
thyroid gland is stored as thyroglobulin. Fiels conserved and
recycled by the body with only 20% being excreted in the urine
and feces.

Infact, the dietary concentration of goitrogens is probably
a more mportant determinant ofdtatus than dietarylevels, in
many cases. Cruciferous plants contain potential goitrogens of
the thiouracil type, while brassicas contain cyanogeneic
glycosides that are goitrogenic. Goiter can occur, therefore, even
though Hevel might otherwise be adequate.

Zinc homeostasis is largely regulated by its uptake and
loss through the small intestine. Although a number of Zn
transporters and binding proteins have been identified in villus
epithelial cells but the actual mechanisi;mi not yet well
understood. Intestinal excretion of Zn occurs via shedding of
epithelial cells and in pancreatic and biliary secretions.

Vitamin absorption:

Absorption of fatsoluble vitamins (A, D, E, and K) is
generally a function of the medium in whithey dissolve. Thus
absorption of lipids is accompanied by absorption of the fat
soluble vitamins, within the micelles or chylomicrons. Likewise,
impaired absorption of lipids, which can occur for a number of
reasons, will ultimately affect absorptiof fat-soluble vitamins
with the exception of vitamin K. Some forms of this vitamin,
namely the phyloquinones, are known to be absorbed via an
active transport mechanism; while other forms, including the
menaquinones are absorbed passively with lipid nasell

Vitamin A and b-carotene are dispersed in micelle
structure, composed of monoglycerides, long chain fatty acids
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and bile salts along with vitamin D, E and K, which, facilitate
absorption of vitamin A antd-carotene to the intestinal epithelial

cells wrere most of thd-carotene gets changed into vitamin A.
Dietary vitamin 3 is absorbed primarily from the first half of the

small intestine. Vitamin Pabsorption is favored by the presence
of certain organic acids, particularly lactic acid. In blood,mita

E is transported through ibslipoprotein fraction.

Watersoluble vitamins mainly rely on separate active
transport systems. Vitamin C, riboflavin, and niacin all require
energy for absorption. While thiamine and pentothenic acid can
be absorbed byoth passive and active mechanisms; the latter
mechanism being accelerated when dietary concentrations are
low.

Micro flora of both ruminants and neominants
synthesize many wateoluble vitamins. Ruminants absorb most
watersoluble vitamins (foodand microbiatderived) in the small
intestine, simply because that is the organ that deals with the
majority of these compounds. In romminants most of the
microbial activity occurs downstream of the jejunum, therefore
vitamins absorbed in the upper smatkstine are mainly of food
origin. While vitamins absorbed in the ileum, cecum and colon
are mostly of microbial origin.

Metabolism:

Hepatocytes play critical role in synthesizing molecules
that are utilized elsewhere to support homeostasisonverting
molecules of one type to another, and in regulating energy
balance.

Carbohydrate metabolisn

Most of the monosaccharides occurring in the body are
the Disomers. The major product of digestion and the principal
circulating sugar is glucosen the poultry. It is critical to
maintain concentrations of glucose in blood within a narrow,
normal range. Maintenance of normal blood glucose levels over
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both short (hours) and long (days to weeks) periods of time is
one particularly important functioof the liver.

Once glucose enters in the cells, glucose is normally
phosphorylated to form gluco$ephosphate. The enzyme that
catalyzes this reaction is hexokinase. The gluésgbosphate is
either polymerized into glycogen or catabolized. The steps
involved outlined in the figure 7. The process of glycogen
formation is called glycogenesis, and glycogen breakdown is
called glycogenolysis. Excess glucose entering the blood after a
meal is rapidly taken up by the liver and sequestered as the large
polyme, glycogen

Several hormones regulate glycogen breakdown.
Glycogen is synthesized from glucesephosphate with the
enzyme glycogen synthase. Glycogen is a branched glucose
polymer with a 2 type of glucoside linkage. Cleavage of tda 1
linkages in the plymer chain is catalyzed by phosphorylase,
whereas cleavage of the6ha linkages at branching points is
catalyzed by another enzyme. Phosphorylase is activated in part
by the action of epinephrine dm-adrenergic receptors in the
liver.

The breakdown foglucose to pyruvate or lactate is called
glycolysis. Glucose metabolism proceeds via cleavage through
the trioses or via oxidation and decarboxyaltion to pentoses. The
pathway to pyruvate through trioses is the Embileyerhof
pathway and that throughghosphogluconate and the pentoses
is the hexose monophosphate shunt.

Other hexoses that are absorbed from the intestine include
galactose, which is liberated by the digestion of lactose and
converted to glucose in the body; and fructose, part of which is
ingested and part produced by hydrolysis of sucrose. Galactose is
converted to uridine diphosphogalactose. The uridine
diphosphogalactose is converted to uridine diphosphoglucose,
which functions in glycogen synthesis. The latter reaction is
reversible. Tk utilization of galactose, like that of glucose, is
dependent upon insulin. Fructose is converted into fructese 6
phosphate and then metabolized via fructosedipBosphate.
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The enzyme catalyzing the formation of fructosph®sphate is
hexokinase, theasne enzyme that catalyzes the conversion of
glucose to glucose-phosphate.

The liver activates other pathways, when blood
concentrations of glucose begin to decline, leading to
depolymerization of glycogengkycogenolysiy and export of
glucose back intahe blood for transport to all other tissues.
After the exhaustion of hepatic glycogen reserves, as occurs
when a bird has not eaten for several hours, hepatocytes
recognize the problem and activate additional groups of enzymes
that begin synthesizing giose out of such things as amino acids
and norhexose carbohydrategliconeogenesis

Inter-conversion between carbohydrate, protein and fat
include conversion of the glycerol from fats to dihydroxyacetone
phosphate and conversion of numbeawfino acidsvith carbon
skeletons resembling intermediates in the glycolysis and citric
acid cycle to these intermediates by deamination. In this way and
by conversion of lactate to glucose, rgincose molecules can
be converted to glucose. Glucose can be convexedats
through acetylCoA but since the conversion of pyruvate to
acetylCoA, unlike most reactions in glycolysis is irreversible,
fats are not converted to glucose via this pathway.

Glycogen

Uridine -
diphospho
glucose

Galactose

Glucosel-PO,
ATP- ADP
Hexokinase
Glucose +—= Glucose6-PO, == 6-phsphogluconate
GIucoseG—J
Phosphatas Pentoses

Friictnge ——— Fructose-6-PO; — ]
Fructose 1,8liphosphatasg

ATD. ANDD )
Fructos1,6di-PO,

a-Glycero-PO, Dihydroxyacetone PO,

+
Glycerol Phosphoglyceraldehydd—————"""
(from fats)

Phosphoglycerate

Phoenhnannlnvrin/ata
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Lipid Metabolism:

In the body, &tty acidsare broken down to acet@loA,
which enters the citric acid cycle. The main breakdown occurs in
the mitochondria by-oxidation (Figure 8). Fatty acid oxidation
begins with the actation of the &tty acid a reaction that occurs
both inside and outside the mitochondria. Mediuand short
chain ftty acidscan enter the mitochondria without difficulty,
but long chain dtty acidsmust be bound to carnitine in ester
linkage before thegan cross the inner mitochondrial membrane.

Carnitine is b-hydroxy-gtrimethylammonium butyrate
and it is synthesized in the body from lysine and methionine. The
b-oxidation proceeds by several removals -@a2bon fragments
from the ftty acids The enqyy vyield of this process is large,
e.g., catabolism of 1mol of-Garbon &tty acidsthrough citric
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acid cycle to carbondioxide (GDand water generates 44 moles
of ATP, compared with the 38 moles of ATP generated by
catabolism of 1mol of-@arbon carbohymte glucose.

In the liver, acetylCoA units condensed to form
acetoacetylCoA with the help of an enzyme decyclase. This keto
acid is converted intdo-hydroxy butyrate and acetone and
diffused into circulation, because these compounds are
metabolized wth difficulty in liver. Acetoacetate is also formed
in the liver via the formation ob-hydroxy-b-methylglutaryt
CoA. This pathway is quantitatively more important than
decyclation. Tissues other than liver transfer CoA from succinyl
CoA to acetoacetatend metabolize théactive' acetoacetate to
CO, and water via the citric acid cycle.

The major lipids in plasma do not circulate in the free
form. Free &tty acidsare bound to albumin, whereas cholesterol,
triglycerides and phospholipids are transportedhe form of
lipoprotein complexes. There are 6 classes of lipoproteins
namely chylomicrons, chylomicrons remnants, very low density
lipoproteins (VLDL), intermediate density lipoproteins (IDL),
Low-density lipoproteins (LDL) and high density lipoproteins
(HDL).
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Chylomicrons are formed in the intestinal mucosa during
the absorption of the products of fat digestion. They enter the
circulation via the lymphatic ducts. The chylanmuns are cleared
from the circulation by the action of lipoprotein lipase, which is
present on the endothelium of the capillaries. The enzyme
catalyzes the breakdown of triglyceride in the chylomicrons to
FFA and glycerol, which then enter adipose celid ae
esterified. Chylomicrons depleted of their triglyceride remain in
the circulation as cholesterol rich lipoproteins called chylomicron
remnants. The chylomicrons and their remnants constitute a
transport system for ingested exogenous lipids.
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There & also an endogenous system made of VLDL, IDL,
LDL and HDL, which transport triglycerides and cholesterol
throughout the body. Very lowensity lipoproteins are formed in
the liver and transport triglycerides formed froatty acidsand
carbohydrates in th liver to extrahepatic tissue. After their
triglyceride is largely removed by the action of lipoprotein lipase,
they become IDL. The IDL give up phospholipids and through
the action of the plasma enzyme lecitbholesterol
acyltranferase (LCAT), pick upholesterol esters formed from
cholesterol in the HDL.

Protein metabolisnt

The body proteins are continuously hydrolyzedmaino
acidsand resynthesized. Ttamino aciddormed by endogenous
protein break down are identical to those derived from teges
protein. With the latter they form a commamino acidpool that
supplies the needs of the body. In the kidneys, most of the
fillered amino acids are reabsorbed. During growth, the
equilibrium betweenamino acidsand body proteins shifts
towards the Ider, so that synthesis exceeds breakdown.

Thyroxin (T4), catecholamine, histamine, serotonin and
melatonin are formed from specif@mino acids Methionine,
cystine, cysteine provide the sulfur contained in proteins, CoA,
taurine and other biologicaliynportant compounds. Methionine
is converted to adenosgiethionine, which is the active
methylation agent in the synthesis of compounds such as
epinephrine, acetylcholine and creatine. It is a major donor of
biologically labile methyl groups, but methgtoups can also be
synthesized from a derivative of formic acid bound to folic acid.

Oxidative deamination of amino acids occurs in the liver.
An imino acid is formed by dehydrogenation, and this compound
is hydrolyzed to the corresponding keto acid, vatbduction of
NH4" (ammonium ion):

Amino acid + NAD —— > Imino acid + NADH + H
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Imino acid + HO ——— > Keto acid + NH'

Ammonium ions are in equilibrium with ammonia (}H
Amino acids can also take up WHorming the corresponding
amide. An example is ¢ binding of NH™ in the brain by
glutamate. The reverse reaction occurs in the kidney, with
conversion of Nl to NHz (Figure 9).

Inter-conversion between the amino acid pool and the
common metabolic pool is summarized in figut®. Lucien
isolucine, phaylalanine and tyrosine are said to be ketogenic
because they are converted into ketone body acetoacetate.
Alanine and many other amino acids are glucogenic or
gluconeogenic, i.e. they give rise to compounds that can readily
be converted to glucose.
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The plasma proteins consist of albumin, globulin and
fibrinogen fractions. The globulin fraction is subdivided iatg
a,, b1, b, and g globulins. The albumin fraction and proteins
concerned with blood clotting (fimogen, prothrombin etc) are
synthesized in the hepatocytes. Albumin synthesis is carefully
regulated. It is decreased during fasting and increased in
condition such as nephrosis; in which there is excessive loss of
albumin occurs. Plasma proteins in blosdrve as effective
buffers. Both their free carboxyl and their free amino groups
dissociate:
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Chapter 10

Nutrition of Broilers

There arawo types of broiler chickenavailable for meat
production purposes the Cornish crosses and thepdupbse
breeds. Cornish cross birds have been bred specifically for meat
production. There may be different growth rates with different
crosses, but mature body weights for males ate/den 3.6 and
6.4kg. Crosses used commercially can reach approximately 2kg
in 5-6 weeks (broiler). Females are approximately-26kg at
maturity. Other available breeds include Rhode Island Red
crossed with Barred Rock, Columbian Rock and Light Sussex
etc.

Nutrient requirement of broiler:

Poultry have been produced commercially since the early
1900s, and research has been conducted for years to improve
production efficiency. Poultry nutritionists employed by the
industry have access to a great amouhtimdormation, to
optimize the particular production parameters related with
marketing such as, breast meat yield, feed conversion ratio
(FCR). A good example of some of this information is supplied
by the National Research Council for Poultry (NRC, 19%he
NRC has published suggested requirement estimates for many
essential and neassential amino acids, twelve minerals, thirteen
vitamins and linoleic acid in chicken feed. These estimates have
been developed over many years and are complicated bycthe fa
that nutrients present in some ingredients vary with time and
source. In addition the NRC provides the nutrient composition of
72 feed ingredients and regression equations to predict amino
acid digestibility. The following tables depict the body weight

12C



and feedrequirements (Table 1) and nutrient requirements for
broiler birds (Table 2).
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Table 1. Body weights and feed requirements of broilets

Age Body weights Weekly feed Cumulative feed Weekly energy Cumulative energy
consumption consumption consumpgion consumption
(Weeks (9) (ME kcal/bird)

Male | Female| Male |Female| Male |Female Male Female Male Female
1 130 120 120 110 120 110 385 350 385 350
2 320 300 260 240 380 350 830 770 1,215 1,120
3 560 515 390 355 770 705 1,250 1,135 2,465 2,255
4 860 790 535 500 1,305 | 1,205 1,710 1,600 4,175 3,855
5 1,250 1,110 740 645 2,045 | 1,850 2,370 2,065 6,545 5,920
6 1,690 1,430 980 800 3,025 | 2,650 3,135 2,560 9,680 8,480
7 2,100 | 1,745 1,095 910 4,120 | 3,560 3,505 2,910 13,185 11,390
8 2,520 | 2,060 1,210 970 5,330 | 4,530 3,870 3,105 17,055 14,495
9 2,925 | 2,350 1,320 | 1,010 | 6,650 | 5,540 4,225 3,230 21,280 17,725

1. Typical for broilers fed welbalanced diets containing 3,200kcal/kg metabolizable energy
(NRC, 1994)
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Table 2. Nutrient requirements of broilers as percentages or as

milligrams or units per kilogram of diet

Weeks 63 Weeks 36 Weeks 68

Energy base kcal ME/kg diet 3,200 3,200 3,200
Protein,% 23 20 18
Arginine, % 1.4 1.2 1
Glycine+ serine % 1.5 1 0.7
Histidine, % 0.4 0.3 0.3
Isoleucine % 0.8 0.7 0.6
Leucine,% 1.4 1.2 10
Lysine,% 1.2 1 0.9
Methionine + cystine% 0.9 0.7 0.6
Methionine,% 0.5 0.4 0.3
Valine, % 0.8 0.7 0.6
Linoleic acid,% 1 1 1
Calcium,% 1 0.9 0.8
Phasphorus availablé 0.5 0.4 0.4
Potassium% 0.4 0.4 0.3
Sodium,% 0.2 0.2 0.2
Chlorine,% 0.2 0.2 0.2
Iron, mg 80 80 80
Copper,mg 8 8 8
lodine,mg 0.4 0.4 0.4
Seleniummg 0.2 0.2 0.2
Vitamin A, 1U? 1,500 1,500 1,500
Vitamin D, ICU® 200 200 200
Vitamin E, U 10 10 10
Vitamin K, mg 0.5 0.5 0.5
Riboflavin, mg 3.6 3.6 3.6
Pentothenic acidng 10 10 10
Niacin, mg 27 27 11
Vitamin By, mg 0.009 0.009 0.003
Thiamin,mg 1.80 1.8 1.8
Pyridoxine,mg 3 3 2.5

1.These are typical dietary energy centrations.

2. International unit.

3. International chick unit (NRC, 1994)
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Broiler nutrition and feeding management in warm climates;

Warm temperature and high humidagfect performance
and profitability of broiler production. In tempde climates,
healthy broilers growing under comfortable conditions will
undergo serious life threatening heat stress when temperatures
and humidity are suddenly elevated. Mortality rates as high as
30-40% is often observed during sudden periods of hot and
humid weather. In contrast, birds growing under tropical
conditions have constant high daytime temperature and humidity
throughout the groimg periodand become acclimated. In this
situation, mortality is rarely over 10% unless there is a disease
outbreak

Management can improve profit in warm climates

The most effective way to maintain production during
warm weather is to keep the birds as cool as possible. Research
has shown that each 3°C increase in house ambient temperature
over 33°C will reducergwth by 0.9% and FCR by 2.1% (North,
1984). By considering each of the 5 method birds use to dissipate
heat, best and most cesffective strategies to keep the birds cool
can be devised:

1. Evaporation:

Panting causes water to be evaporated from the
respiratory tract, which removes heat. An adequate supply of
water is necessary.

2. Convection

Cool air moving past the bird will carry body heat.
Maximizing the natural ventilation and provision of fassisted
ventilation can reduce the heat in gopghouse
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3. Radiation:

Heat will move from warm objects to cooler objects.
When the surface of the bird is warmer than its surrounding, heat
will move away from the bird and vice versa.

4. Conduction:

Heat transfers from the bird to a coolerjedb by direct
contact. Concrete floors with thin litter are effective heat sinks
during the warmest part of the day.

5. Excretion:

Large amounts of heat leave the body through excretory
waste. Ample cool water should be provided.

1. Temperature andhumidity :

The effect of high temperature is always much greater,
when humidity is high. The normal body temperature of a broiler
is about 41.5°C. Any combination of temperature; humidity and
the factors above that act to increase body temperature wusiéca
stress. Any condition above normal comfort will reduce
performance and profit.

2. Water:

An adequate supply of water is absolutely essential
during hot weather. Watering system must be in peak condition
and management must check and maintain theerwsystem
continuously. If nipple drinkers are used, pressure regulators
must be adjusted to supply maximum water. Water that gets on
combs and wattles will be effective in cooling. Wadetuble
electrolytes may also be useful to increase water consumptio
and replace minerals lost in excretion.
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3. Feed management and nutrition

1. Feed restriction:

Feed may be restricted if sudden high temperatures are
anticipated. This is often beneficial to prevent mortality as body
heat raises -12%, 2hours after feding. In this situation, feed
should be preferably removed for a period of 6 hours before the
stress begins. Feed restriction is of much less value in acclimated
tropical birds that have been reared under constant high daily
temperatures.

Particle size,pelleting and density

Birds spend considerable energy while consuming feed.
Because of this, feeds of high bulk density and high nutrient
density are advantageous in warm climates. The rate of nutrient
intake per unit energy spent in consuming feedikhbe as high
as economically possible. Dusty mash feed of small particle size
is more difficult to consume and more costly to produce and
should be avoided.

Nutrition :

The physiology of panting results in loss of
carbondioxide and potassium (K) frahe system, which should
be replaced. Replacement of 50% of the added salt with an
equivalent amount of sodium from sodium bicarbonate is
recommended. An excess and/or unbalance amino acid induces
formation of uric acid, which generates heat in the biad, &s
an energy source is also useful in that it produces less heat than
carbohydrates during metabolism. Full fat soybean meal is an
excellent ingredient as it contains 18% high quality fat. Use of
phosphate sources that provide more phosphorus (P)easd |
calcium are also being useful in the situation. A good quality and
digestible P source is especially important durmay weather
(McCormick, 1981).
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Feed quality:

Each 10°C increase in temperature will double the rate of
oxidation and mold growth ifeed. Humidity and accidental
wetting of feed by rain during delivery and storage is also
common. Moldy and oxidized feed will reduce performance and
decrease resistance to disease

Vitamins:

Vitamin C (ascorbic acid) is a wateoluble antioxidant
vitamin that is normally produced in adequate quantities by
metabolism in broilers. During heat stress its production is
limited. Thus stabilized forms of Vitamin C have been found
useful under certain situations.

Improving FCR in broilers:

Some of the ma important factors affecting FCR are outlined
and explained in broiler flocks

Feed conversion ratio(FCR):

Feed conversion ratio is a measuoent of the
productivity of a bird and is defined as the ratio of feed to weight
gained. For example, if 4kgf deed are used to produce a 2kg
broiler, the FCR of that broiler is 2.00 (4/2=2kg). Obviously, the
lower the FCR, the more efficient a bird is. Broilers convert feed
to meat very effectively, and FCR of 48 is possible. The keys
to realizing good FCRire an understanding of the basic factors,
which affect it and a commitment to basic management methods
that optimize these factors.



MAJOR FACTORS AFFECT ING FCR:

1. Temperature

Probably the most important factor influencing FCR is
the temperature ofthe broilers environment. Birds are
homeotherms (warrblooded), meaning they maintain a
relatively constant bodytemperature regardless of the
temperature of their environment. Under ideal conditions of
around 2€25°C, the bird uses a minimum of feed tointain
body temperature. In a cool environment, broilers will eat more
feed but many of the calories they obtain from this feed will be
used to sustain normal body temperature. These calories used for
warmth do not convert to meat.

Feed intake will incrase by about 1% for eachAClLbelow
20°C. Between 225°C, the bird will eat about 1% less pelCl
increase in temperature, and so here FCR will improve. Under
these conditions, FCR further deteriorates because the bird is
reluctant to eat feed, and so podjonally more feed is directed
towards maintenance, and less can be used for growth.

Optimum temperatures allow the broilers to use nutrients for
growth rather than temperature regulation. The ideal
environmental temperatures for promoting FCR in bothnwa
room and hover brooding situations are shown in Table 3.

Table 3. Ideal temperatures {C) for different age groups of broilers

Temperature
Week
Warm room* Hover brooding”
1 2931 32
2 27-28 29
3 24-26 27
4 24 27
5 21 24
6 to market 21 21

1. Measured at chick height
2. Measured at chick heightfdot from edge of hove
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(Lacy and Vest1999)

At high temperatures broilers consume less feed and
inefficiently convert this feed to muscles. The biological cooling
mechanisms that birds use during hot weather requires energy,
just as the warming mechanisms do during cool weather. In
addition, when birds consume feed, their body temperature rises
as a result of the etabolic processes that occur during digestion.
For this reason, it is recommended not to feed birds during the
warmest part of the day (late morning to late afternoon) during
very hot weather.

2. Ventilation

Ventilation and temperature are interretht Under most
conditions, increasing ventilation results in lower temperatures in
a poultry house. Ventilating sometimes requires brooders or
furnaces to operate to keep the house at the ideal temperature.
Unfortunately, growers often ventilate less dgricold weather
to reduce fuel costs, which is improper. Clean fresh air is just as
important to growing broilers as fresh feed and water.

Ammonia (NH;) and other toxic gases build up in under
ventilated broiler houses during the cooler months of the. year
Studies show that FCR may be adversely affected (frem 4
points) by NH levels of just 25ppm, which is barely detectable,
by the human nose. So it is strongly recommend that broiler
growers ventilate to remove NHluring winter. Ventilation
requirementsill vary depending upon the tightness of housing,
humidity, litter condition, etc.

3. Feed quality

The diet that a broiler consumes greatly influences FCR.
Farmers have little control over the energy level, protein or initial
quality of the feed. Neertheless, farmer must maintain the
quality of the feed once it is put in feed bin. The provision of
guard against oxidation, mold and contamination is necessary.
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The bins should be water tight, clean and disinfected after every
flock. Feeding system shlolbe checked daily to make sure it is

in good working order. Closely monitor areas where feed can
escape and be wasted.

4. Water quality:

Clean, fresh water is important for better FCR. Broiler
performance on farms with contaminated water supplies is
almost always below average. It is a common believe among
some poultry experts that enclosed watering systems improve
FCR (compared to trough waterers). The most important reason
given for this improvement relates to water quality. Water in
troughs and b#d is exposed to dust, litter, feed and fecal
material. However, water in the enclosed systems is protected
from the contamination.

Although it takes more effort to keep water clean in
trough waterers. Simply dumping the old water out of the
drinkers is not enough but also scrub the drinkers with a
disinfectant daily. The enclosed system does not eliminate
cleaning chores completely. Midrinkers, frequently used in
conjunction with enclosed waterers when starting chicks, require
thorough cleaning at Ilsa once a day. Water is the most
important nutrient for any animal; therefore, water quality cannot
be overemphasized. The effort expended to provide clean water
to broilers will result in better FCR.

5. Disease and medication

The general health of fflock also influences FCR. Sick
birds do not perform well. So it is necessary to watch closely for
early signs of disease, and treat sick birds quickly and properly.
The careful use of vaccinations and medications is advisable
since they can cause reacs8oby improper administration and
can adversely affect weight gain. Treating only when needed
reduces harmful effect on growth and FCR.
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6. Timed feeding

Research shows that timed feeding can improve FCR. In
such feeding programs, broilers are fed a saiumt of feed 4
times a day so they finish their meal and then are without feed
for a short period of time (less than an hour). The short period
without feed appears to stimulate feeding when the next meal is
delivered. Usually the birds quiet down dyyithe time without
feed, which may enhance FCR. If birds are allowed to go without
feed too long, benefits may be lost and performance may actually
decreases.
7. Light:

Light levels in the broiler house can also influence FCR.
Relatively bright lighting(1-2 foot candles) stimulates chick
activity and helps them locate feed and water. Low light levels
calm the broilers and reduce bird activity resulting in better
weight gain. A lighting scheme ofour of light followed by 2
hours of darkness throughotlie day may improve FCR. In
conventional curtain houses, the same light schedule at night
helps stimulate feeding.

Influence of energy on broiler performance

With very fast growing birds a growth restriction during
the first 23 weeks will lave a positive effect on the flock. The
birds are more lively and active; the development of the skeleton
and legs is better. The percent ftipers and ascites will also be
lower. Such growth restriction can be achieved by using lighting
programs, feed sdriction or decreased energy level in the starter
feed.

There is a certain negative effect of decreasing energy
level on the FCR but this is of minor importance because the
guantity of feed consumed in this period is small. There is
compensation in FCR duag the grower period. In contrast to
FCR no compensation occurs for the lost growth. Onhb@%
will be lost, which is in practical terms less than one'dlaytra
growth. When using a long dark period (e.g. 12 hours) in
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combination with lower energy ater, the weight loss will be
larger than the 250g.

Broiler chickens are eating to satisfy their energy
requirements. It has been suggested that the bird eats to its
maximum physical capacity, and that varying the energy density
of the diet can easilgontrol the birés energy intake. This fact
may be true to some extent with the young broiler, because early
growth rate can be temper by feeding lower energy diets.
However as the broiler gets older it does seem to adjust its intake
in relation to diet eergy level. Table 4 shows the results of
diluting the feed to very low levels.

Table 4. Effect of diet dilution from 3549 day of age on broiler
erformance

Dietry Dietary |49-day Feed Feed: Energy
metabolizable | crude | body intake gain efficiency
energy protein [weight (3549 day |35-49 day
(kcal/kg) (%) (9) (Mcal/kg
gain)
3200 18 2950 2580 2.3 7.4
2900 16 2920 2760 2.5 7.2
2600 14 2880 2900 2.7 7.0
2300 13 2910 3270 3.0 6.7
1900 11 2910 3670 3.3 6.4
1600 9 2890 4300 4.0 6.4

(Leesoret al, 1996)

The reduction in the nutrient level of the diet can results
in the increased feed consumption. This means that the bird is not
eating to physical capacity, because the bird was able to almost
double its normal intake on the very low nutrient dense dies Thi
amazing ability to adjust feed intake resulted in no real difference
in 49day body weight. However, if we calculate energy
efficiency, then the birds on the lowest energy feed were actually
the most efficient in converting feed energy to weight gain.

Some broilers never recover from an interruption in
growth early in life. In the normal growth of a broiler, nutrients
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are used differently from day old to market as demonstrated in
table 5.

Table 5. Nutrient use by broilers

Age Maintenance Growth
(Weeks) (%) (%)
Day old 20 80

5 60 40
8 80 20

(Oderkirk,
1999

Male vs female birds

The FCR of female broilers willsually be higher (less
efficient) than male birds of corresponding weight-(&gs). The
reason for this is that female birds tend to deposit proportionally
more fat in the carcass. Body fat takes 9 times as much feed
energy to produce as does muscle. fidasons for this is that fat
contains more energy than does protein per unit of weight, and
more importantly, muscle is only about 20% protein by weight,
the remainder being water. Likewise with heavy male birds, FCR
is going to be greatly influenced biget growth of fat compared
to muscle.

A very useful starting point in revaluating efficiency of
feed use is to consider conversion of feed energy to live weight
gain. Following are typical energy conversion figures for broilers
up to 9weeks of age (Tdé 6).

Table 6. Energy conversion to live weight for broilers (Mcal/kg gain)

Age Male birds Female birds Mixed sex
(Weeks)
4 - 5.2 -
5 5.4 5.6 5.5
6 5.8 6.1 5.9
7 6.2 6.6 6.4
8 6.7 - -
9 7.1 - -

(Leeson, 2001)
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Broiler FCR decreases dramatically as body maintenance
requirements increase with age. Problems early in life that effect
nutrient uptake translate to major problems in trying to get all
birds © market weight at the same weight.

Manipulate feed fat deposition in birds

Improving FCR and adapting eating habits and fat
accumulation to specific needs is commercially important due to
the fact that about 60% of the cost in broilers incurred on
feeding. The identification of leptin and leptneceptor in
mammals, 6 years ago, the most important breakthroughs in the
understanding of obesity and energy balance in mammals were
discovered. Leptin was characterized in mammals as the satiety
hormone and s a key element in the control of feed intake,
energy expenditure and reproduction. It had been strongly
suggest that the leptimediated control mechanism operates in
avian also. Such compounds could increase profitability in
poultry farming by facilitathg the manipulation of feed intake,
fat deposition and reproduction in commercially bred poultry,
according to the specific needs of the various poultry branches.
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Chapter 11

Nutrition of Layers

Advances in genetic selection make tddagommercial
layers quitedifferent from those of a decade ago. Body weight is
less, age at housing and age at 5% production are earlier, total
egg numbers have increased, egg mass is greater and feed
conversion ratio (FCR) has improved considerably.

The period of time between hsing and peak egg
production is the most demanding and stressful period in the
laying hers life. During this period she is not only adjusting to
her new environment, she must consume enough energy and
nutrients to grow and reach a high peak in egg proaiuc
During this time a high energy/nutriedénse diet is required.
Good management of the flock during this period is critical and
every attempt should be made to minimize stress.

Nutrient requirements:

A complete diet is essential for chick growtigalth and
development. Grains alone are inadequate for chicks because
they contain only half the necessary protein and lack essential
vitamins. The feed should contain chisize grit to enhance
digestion. The following tables describe the body weight and
feed requirements (Table 1) and nutrient requirements for layers
and breeders (Table 2).

Feeding egg production stock

The greatest cost of raising chickens for the laying flock
is for feed. It is a vital need of each bird to have a complete, well
balarced diet. The amount of feed consumed is influenced by
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several important factors including management, health and
physical conditions flock uniformity, rate of egg production,
environment and feed quality. From dayto 6weeks, 18%
protein, starter ratiorshould be fed. This complete balanced
ration can be mash or crumbles. Frofibweeks of age, a 14%
protein, grower ration should be fed. Again, it must be
completely balanced; it may be crumbled or pelleted. From age
20-weeks on, a 148% protein layer @sh should be fed as a
complete balanced ration. These rations can be bought from local
feed suppliers.

Table 1. Body weights and feed requirements of leghoftype pullets and
hens

Age | Body weight' | Feed consumptioA| Typical egg production
(weeks) (9) (g/week) (% henday)
0 35 45 -
2 135 90 -
4 270 180 -
6 450 260 -
8 620 325 -
10 790 385 -
12 950 430 -
14 1,060 460 -
16 1,160 460 -
18 1,260 460 -
20 1,360 460 -
22 1,425 525 10
24 1,500 595 38
26 1,575 665 64
30 1,725 770 88
40 1,815 770 80
50 1,870 765 74
60 1,900 755 68
70 1,900 740 62

1. Pullets and hens of leghetype strains are generally fed libitumbut are
occasionally contrefed to limit body weights. Values shown are typical but
will vary with strain differemes, season and lighting. Specific breeder
guidelines should be consulted for desired schedules of weights and feed
consumption.
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2. Based on diets containing 2,900kcal ME/kg; consumption will vary
depending upon the caloric density of the diet, environahé@mperature and
rate of production (NRC, 1994)



Table 2. Nutrient requirements of leghorntype chickens as percentages or as milligrams or units per kilogram of diet

Growing Growing Growing Laying Laying, daily Breeding
Energy base kcAME/kg 0-6 weeks | 6-14 weeks| 14-20 weeks intake per hen
diet! 2,900 2,900 2,900 2,900 (mgy 2,900
Protein,% 18 15 12 14.5 16,000 14.5
Arginine, % 1 0.8 0.7 0.7 750 0.7
Glycine and seriné 0.7 0.6 0.5 0.5 550 0.5
Histidine, % 0.3 0.2 0.2 0.2 180 0.2
Isoleucine % 0.6 0.5 0.4 0.5 550 0.5
Leucine,% 1 0.8 0.7 0.7 800 0.7
Lysine,% 0.9 0.6 0.5 0.6 700 0.6
Methionine + cystine% 0.6 0.5 0.4 0.6 600 0.6
Methionine,% 0.3 0.3 0.2 0.3 350 0.3
Phenylalanine+tyrosinép 1 0.8 0.7 0.8 880 0.8
Phenylalanine%o 0.5 0.5 0.4 0.4 440 0.4
Threonine % 0.7 0.6 0.4 0.5 500 0.5
Tryptophan% 0.2 0.1 0.1 0.1 150 0.1
Valine, % 0.6 0.5 0.4 0.6 600 0.6
Linoleic acid,% 1 1 1 1 1,100 1
Calcium,% 0.8 0.7 0.6 3.4 3,750 3.4
Phosphorus availablég 0.4 0.4 0.3 0.3 350 0.3
Potassium% 0.4 0.3 0.3 0.2 165 0.2
Sodium,% 0.2 0.2 0.2 0.2 165 0.2
Chlorine,% 0.2 0.1 0.1 0.2 165 0.2
Magnesiummng 600 500 400 500 55 500
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Growing Growing Growing Laying Laying, daily Breeding
Energy base kcaME/kg 0-6 weeks | 6-14 weeks| 14-20 weeks intake per hen
diet! 2,900 2,900 2,900 2,900 (mgYy 2,900
Manganeseng 60 30 30 30 3.3 60
Zinc, mg 40 35 35 50 5.5 65
Iron, mg 80 60 60 50 5.5 60
Copper,ng 8 6 6 6 0.9 8
lodine,mg 0.4 0.4 0.4 0.3 0.03 0.3
Seleniummg 0.2 0.1 0.1 0.1 0.01 0.1
Vitamin A, IU® 1,500 1,500 1,500 4,000 440 4,000
Vitamin D, ICU* 200 200 200 500 55 500
Vitamin E, IU 10 5 5 5 0.6 10
Vitamin K, mg 0.5 0.5 0.5 0.5 0.06 0.5
Riboflavin, mg 3.6 1.8 1.8 2.2 0.24 3.8
Pentothenic acidng 10 10 10 2.2 0.24 10
Niacin, mg 27 11 11 10 1.1 10
Vitamin By, mg 0.009 0.003 0.003 0.004 0.00044 0.004
Choline,mg 1,300 900 500 - - -
Biotin, mg 0.2 0.1 0.1 0.1 0.01 0.2
Folacin,mg 0.6 0.3 0.3 0.3 0.028 0.4
Thiamin,mg 1.8 1.3 1.3 0.8 0.09 0.8
Pyridoxine,mg 3 3 3 3 0.3 4.5
1. These are typical dietary energy concentrations
2. Assumes an average daily intake of 110g of feeddaén
3. International unit
4. International chick unit (NRC, 1994)
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Once egg production begins, energy intake is the critical
factor controlling egg numbers. Therefore, the diet must contain
an adequate concentration of caerif small birds are going to
be expected to perform to their full genetic potential at peak and
as the laying cycle continues. If greater egg profits are to be
realized during an entire laying cycle, it is essential that
replacement pullets attain propé&ody weight. A bird that
remains small will lay small eggs at the onset of egg laying.
Since feed intake is correlated with body weight. The decreased
egg size often seen in some young flocks is most likely a result
of feed intake.

Egg producers will armally attempt to get the largest
number of highguality eggs of the correct size from each hen
housed in the shortest period of time at the lowest cost. Some
nutrients have been identified as affecting egg weight, but any
adjustments in nutrient levelsay reduce egg production. At the
beginning of lay, increasing h'enintake of balanced protein
results in increased egg size. Feeding higher levels of protein at
onset of lay means that egg size will increase more rapidly. A
limiting factor in the increasef early egg size is a stdptimal
energy intake.

There are numerous feeding and management programs
that have an effect on investment. Feeding programs are designed
to meet the nutritional needs of the hens. However, the profit
margin is different witleach type of feeding program.

1. Limited feeding

It was a common belief that laying hens need to be full
fed at all times throughout the laying cycle, which is prove to be
wrong. Limited feeding should not be ignored when an egg
producer is looking foways to lower feed and total production
costs. Controlling irhouse temperature is omay to achieve the
goal of limited consumption of feed after peak egg production in
a layer flock because increasedhimuse temperature results in
less feed intake.
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If a feed restriction program is implemented, it is
important to formulate the diet to supply adequate amounts of
critical nutrients each day to the hen. The amino acid, vitamin
and mineral concentrations in the diet are more critical with
limited feeding than with full feeding. In limited feeding
programs, the objective is to limit only energy without limiting
the intake of critical nutrients.

Laying hens fed an energgstricted diet have a lower
maintenance requirement, and a hen consuming lesssfesare
efficient and profitable. If a feed restriction program is used, it is
usually not started until the majority of the eggs being produced
fall into the large size category. A feed restriction program will
result in a slight decrease in egg size, Whis of less
consequence once the majority of the eggs are in the large
category. Initiation of a feed restriction program should
commence later for layer strains of lower body weight,
particularly during periods of hot weather.

2. Phase feeding

A feedng program that uses only one feed during the
entire laying period will be simple and easy to manage, but
costly. Such a program has to be designed to meet the peak
nutritional requirements of the hens at all times under all
conditions. The feed has a higwtrient density to meet the
maximum requirements at the lowest level of feed consumption
expected throughout the year.

In contrast, phase feeding is used extensively in teday
industry. Dr. G.F. Combs first proposed phase feeding in the
1960s. This was the term this poultry nutritionist gave to the
program of reducing the protein level in the feed as the hen aged.
Today, levels of other nutrients, along with protein and amino
acids, are lowered as the hen ages or when egg production in the
flock declines to a certain percentage.

Phase feeding reduces feed costs as egg production
decreases because each change in formula is associated with a
less fortified feed. The effect of temperature on total feed
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consumption of the flock, and thus total nutrieatsisumed, is
not considered with a phase feeding program if no adjustments
are made to the diet as feed intake changes.

3. Feeding by consumptiorAd libitum feeding

Feeding program that more closely meets the nutritional
needs of a hen is feeding bynsamption. This program, by
definition, requires knowledge of the hefeed consumption. As
feed intake increases or decreases, the percentage of nutrients in
the diet will decrease and increase accordingly to ensure the
proper intake of the required nigtnts.

Feed consumed by the layer is utilized in 2 ways. -Two
thirds of feed energy is used for maintenance while most of the
protein is utilized in egg production. Feed consumption in layers
is greater for larger birds. Increased production and cooler
weather will also increase intake. For each dozen eggs the hen
produces she will have eaten-RKg of feed. Feed makes up ? of
the cost of producing an egg. It is therefore important that the
proper feed is fed and that no wastage or spillage occurs.

Wate should be cool, fresh and made available each day.
One hundred layers will drink 137L of water/day. Hens
consume double quantity of water as they do feed. Water
consumption on the basis of 100 pullets/day is 2.27L for the first
week of age. In hot weagr water consumption may increase
drastically as the bird tries to cool herself by drinking more
water.

Role of calcium phosphorus and vitamin B in egg shell and
bone formation:

Calcium (Ca) is the major structural element in both bone
andegg shell of the layer. The bone contains 99% of total body
Ca, which makes it an integral part of Ca level regulation in the
body. The egg shell contains around 94% calcium carbonate
(CaC03), which by weight, an average egg would contain 2g of
Ca. An aveage of 4g of Ca intake/day is required by a layer to

142



maintain good shell quality since only-60% of dietary Ca is
actually used in shell formation.

During the last 15 hours of shell formation, Ca movement
across the shell gland reaches a rate oflHing/hour. This
process draws Ca from 2 sources, diet and bone. With a normal
layer ration of 3.56% Ca or higher, most shell Ca is derived by
intestinal absorption, while layers on a 2% Ca diet48% of
the shell Ca is derived from bone. It is therefor@ontant to
have pullets, prior to lay, on a laying ration level of Ca.

Intestinal absorption of Ca in the diet is about 40% when
the shell gland is inactive, but reaches 72% when active. This
time usually coincides with late afternoon or the dark hours fo
the layer. Having higher Ca levels in the gut during this time is
important to insure Ca is being taken from the diet and not bone.

Eighty percent of body phosphorus (P) is found in the
bone. Since very little P is found in egg shell the role of P in
layers has more to do with its effects on Ca metabolism. The
absorption of Ca and P can be influenced by a number of factors
like source and form of Ca and P, intestinal pH, Ca: P ratio and
vitamin D.

The Ca and P must be in a form that is available and
usable by the layer. Phosphorus absorption is optimal at pH 6.0.
When the pH is higher than 6.5, absorption of P is markedly
decreased. Excess free fatty acids in the diet can cause the pH to
decrease and therefore interfere with Ca and P absorption. High
Ca or P levels in the intestine reduce the absorption of both.
Phosphorus is an integral part of the deade balance in the
body. The proper ratio of Ca: P for growing birds is24.&: 1.0.
Vitamin Ds, in its metabolite form of 1,28ihydroxy-Ds; is
involved in Ca mobilization from bone to ensure normal plasma
Ca levels. Vitamin Ris the major control element in stimulating
Ca absorption from the intestine.

There is a complex relationship between Ca, P, Vitamin
D3 and the hormonal system of the layerGa metabolism
during lay. Practical implications of this relationship to bone
development and egg shell formation are important. Layers need
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49 of Ca/bird/day in the early stages of egg production. Since
feed intake of young layers may be 10kg or les® 1aQers/day
(<100g/bird/day) the Ca level of the diet should be between 3.8
4.0% of which 5660% is large particle (grit size or larger). High
levels of Ca in the laying ration limits Ca requirements (needs)
from bone for shell formation.

In growing bids, a high level of Ca in the diet is not
recommended since it interferes with the absorption of P, Zn and
Mn. Young birds are not able to deal with excess Ca, and it may
lead to kidney damage. Most importantly, high Ca levels during
the growth period wilinterfere with the proper development of
the parathyroid gland by increasing gut pH, which will decrease
absorption. Estrogelike hormone that could be affected, acts to
start the reproductive system, which triggers the body of the
pullet to start layingdown Ca in the bone prior to lay. This Ca
store will be used during the lay cycle. Increasing Ca in the diet
2-weeks prior to lay is therefore essential to ensure available Ca
is being stored. If the parathyroid is undiEveloped or defective
this hormoml system will also be defective and optimum levels
of Ca stored in bone will not be realized. Also, Ca will be
immobilized when needed for lay if the parathyroid glands
activities are defective.

Vitamin Ds; intake must be adequate. The function of
Vitamin Ds is related to its metabolite 1, 2Bhydroxy-Ds; which
is formed in the bird liver and kidneys. Any problem that
affects the functional integrity of these organs or the parathyroid
gland will have an adverse effect on the action of vitamiaril
thereby Ca absorption and metabolism.

Vitamin E and egg production and quality.

The effectiveness of increasing the vitamin E content of
eggs through greater fortification of hendiets has been
demonstrated in numerous studies, e.g., Cherian et al6)(199
reported that as vitamin E supplementation rose, the
enhancement of total tocopherols in tissues was greatest for egg
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yolk, followed in descending order by liver, adipose tissue, dark
meat and white meat.

Meanwhile, stidies such as Whitehead (1998) have
shown increases of-B6% in the number of eggs produced per
hen when higher levels of vitamin E are fed during periods of
heat stress. In discussing possible modes of action, Whitehead
(1998) elaborated that the improvents with increased vitamin
E levels could be linked to improved circulatory supply of yolk
precursors, particularly vitellogenin, during heat stress. Indeed,
this study showed that vitellogenin synthesis in the liver
decreased during heat stress and atsore importantly, that
vitellogenin accumulated in the liver at the expense of plasma
concentrations for uptake by the ovaries.

In the hens receiving only 10IU vitamin E/kg of feed,
liver concentrations of vitellogenin during heat stress increased
by 77% compared with unstressed birds receiving the same
vitamin E regimen. Plasma concentrations decreased by 49.6%
during heat stress for this group. Liver concentrations of
vitellogenin increased by only 10% in these hens, while plasma
concentrations fell bynly 28.2%. It has been suggested that
because vitamin E is the principal antioxidant in cell membranes,
it may protect transport mechanisms across membranes from
oxidative damage induced by heat stress.

Meluzzi et al. (2000) reported that yolla-tocopheol
content increased linearly as fortification of the hens diet
increased from 0 to 200 IU of vitamin E/kg of feed (Table 3).
Eggs from the hens receiving the highest level of fortification
provided 313.84ug of vitamin E/g of yolk, or more than 3 times
asmuch vitamin E as eggs from hens with the control diet.
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Table 3. Thea-Tocopherol contents of egg yolk of layers fed different
levels of vitamin E

Fortification level a Tocopherol content of yolks
(Hernis diet 1U/kg) (rmylg)
0 90.93
50 130.0%
100 227.48
200 313.84

(Meluzziet al.,2000)
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Chapter 12

Nutrition of Breeder:

Two of the major and most costly nutrients required by
the breeder are energy and protein. While meeting protein
requirements have often been the major consideration of
breeders, it is energy, the most costly dietary nutrient, which in
many instances is limiting performance. There is lack of research
on the specific nutrient requirements of meat type female
breeders from hatch to maturity. Nutrient requirements data
presated in table 1 and table 2 for broiler breeder are limited to
that given in NRC (1994), whereas the nutritive requirements of
layer breeders are given in the chapter of nutritive requirements
of layers.

Table 1. Nutrient requirements of meattype hensfor breeding purposes
as units per hen per day (90% dry matter)

Requirements

Nutrient

Protein,g 19.5
Arginine, mg 1110
Histidine, mg 205
Isoleucinemg 850
Lysine,mg 765
Methionine,mg 450
Methionine + cystinemg 700
Phenylalanine + tyrosineng 1112
Threoninemg 720
Tryptophanmg 190
Valine, mg 750
Calcium,g 4
Chloride,mg 185
Sodium,mg 150
Biotin, /g 16

(NRC, 1994)



Table 2. Nutrient requirements of magpe males for breeding purposes as units per rooster per
day (90% dry matter)

Nutrients Age (weeks)
0-4 4-20 20-60

Metabolizable energycal - - 350400
Protein,% 15 12 -

Lysine, % 0.8 0.6

Methionine,% 0.4 0.3

Methionine + cystine% 0.6 0.5

Calcium,% 0.9 0.9 -

(NRC, 1994)
Energy:

In developing feeding program$or broiler breeder
consideration must be given to body size, environmental
temperature and bird activity as these are the main factors
influencing maintenance energy requirements. A consideration
for growth is also important for the growing pullet andatiesser
extent, the mature hen. For the adult the energy requirement for
egg mass output must also be taken into account.

Energy requirements for pullets

As the bird increases in age the maintenance requirement
increases, as a percentage of the tewergy requirement, until
by the end of the growing period over 80% of the energy
consumed is used just to maintain the pullet. Growers should be
aware of the higienergy cost just to maintain a bird and also to
recognize that pen temperature is a sigaiftcfactor influencing
maintenance energy requirements. Thus, pen temperature should
be monitored closely and feed intake adjusted accordingly if
significant temperature changes result.

Reducing feed intake past peak production

It is common practiceotreduce feed intake shortly after
peak production is attained. This may be responsible for some of
the dips in production noted at this time. The H#nnks' in
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terms of egg mass output and thus no reduction in feed allowance
should be made until afterepk egg mass output is reached,
which is usually & weeks after peak production. Another error
some producers make is to reduce feed allowance in relation to
the drop in egg production (e.g. if production drops 5% reduce
feed by a similar amount). It shidube obvious that decreased
feed intake, after peak production, has to be precisely calculated
if decreased egg numbers and/or size is to be avoided.

Protein requirements.

Since the maintenance requirement for energy is so high,
in relation to total emgy requirement, changes in feed allotment
are usually made in order to try and maintain an optimum intake
of energy. However, often little attention is given to the amount
of protein consumed. Most breeder diets contain between 16
18% protein. With daily feed allotments as high as
160g/bird/day, protein intake could be 228.8g/day.

Protein required for egg production:

Using values generated for commercial layers, the
calculated protein required to produce a 65g egg (containing 7.89
of protein) shouldbe around 7.8+0.55 (suggested efficiency of
dietary protein utilization for egg production) = 14.2g.

Protein required for maintenance

With an estimated total endogenous loss of nitrogen,
including feather loss of 280mg/kg of body wefyfit a 3.5kg
hen would require 3%3280 = 717mg of nitrogen/day to meet
her daily maintenance requirement. Converting this to protein
would give 4.48g (0.7E/.25) of protein. With the assumption
that the hen is 55% efficient in the use of dietary protein for body
purposes, would give 4.48 + 0.55 = 8.15g of protein intake
required/day to meet her maintenance requirements.

Total daily protein requirement of a broiler breeder
considering maintenance and egg production would be 14.2 +
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8.15 = 22.4g/bird/day. This woulgk sufficient for a hen to lay a
659 egg every day. While no allowance has been made for
weight gain this would be minimal after peak production and
besides much of this gain would be fat deposition and thus a
minimum of body protein would be depositedn&i every bird

is not laying every day the flock average for protein for egg
production purposes would be the average percent production
times, e.g., the 14.2g of protein required for a 65g egg. Thus, the
average daily protein required for a flock woulddgnificantly

less than 22.4g/bird/day.

Partitioning of the breeders protein requirement

It was shown that approximately 80% of the energy
consumed is partitioned to meet the 'Bemequirement for
maintenance. It can be estimated, from the valuesragkeake
above for protein requirements, that (14.2+22QD)
approximately 63% of the protein intake of the broiler breeder is
going to meet is requirement for egg mass output and thus only
37% for maintenance. Hence, the main factor influencing the
proten requirement of the broiler breeder is egg mass output.

Vitamin levels in breeder diets

Breeder hens are capable of peak egg production around
80% under commercial conditions,itiv sustained peaks over
75% for 12weeks. This high egg output is only possible with
superior management and nutrition, part of which is a-well
fortified high-energy diet. These high persistent peaks also mean
that birds have to supply adequate vitammshe feed, not only
for the hens at very active stage of reproduction, but also to
ensure optimum hatchability and chick quality.

The breedés vitamin requirements are usually met by
adding all as synthetic sources. The regular feed ingredients,
such & corn, soybean meal and meat meal, all coritzatural
sources of vitamins and in some situations could theoretically
contain enough to meet the breesleneeds. However the
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concentration of vitamins contained in corn will, e.g., be affected
by seed vaety, growing conditions, harvesting conditions and
storage conditions. Likewise the vitamins in meat meal will vary
greatly depending upon the animal components used and the time
and temperature of cooking and drying during processing.

The starting poin used in developing vitamin
requirements, is the NRC (1994) values, which are updated each
6-8 years. These NRC values are absolute requirement values for
individual vitamins, and most often reflect the level of vitamin
needed to prevent deficiency sympi In feeding breeders, the
main aim is not only to prevent signs of vitamin deficiency, but
also to ensure good egg production, hatchability and early chick
vitality. This superior performance will only be achieved by
feeding much higher levels of vitans as part of a balanced
nutritional program.

Another major loss of vitamins occurs if they are
premixed with minerals and stored for any length of time prior to
incorporation in feed. Also conditions within the premix and feed
can cause loss of potend¢yor example, some vitamins are acidic
whereas others brealown under acidic conditions. Finally to
really cause problems to vitamin stability, we sometimes pellet
feed, and here the temperature and humidity can cause vitamin
breakdown.

Feeding to more pecisely meet the nutrient requirements of
broiler breeders:

It is often stated that seldom is the diet at fault but rather
it is the feeding program or the management conditions under
which the diet is being fed which is the problem. This is
especially tue for broiler breeders where the nutrient intake of
the birds is very much under the control of the flock manager.
There appears to be a lot of evidence to suggest that many broiler
breeders are being fed excessive levels of protein. Not only is
such a pactice detrimental to performance, but also it is
uneconomical as well as resulting in a greater potential pollution
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problem with excreted nitrogen. Dietary protein and energy must
be kept in proper balance with respect to requirements, if a
deficiency oran excess of one or the other is to be avoided.

In case, if a flock is not attaining expected egg numbers
or size when consuming 183®0g feed/bird/day, it should be
better to look at possible management problems before changing
diet composition or sigficantly increasing feed allowance.
However, there are wethanaged flocks that are peaking in
excess of 85% and holding a good level of production for a
sustained period of time. Such flocks may require more than the
normal recommended level of feed kea

Major changes have taken place with the feeding of
broiler breeders in recent years. The most significant of these
changes is separate sex feeding. With such an approach to
feeding, it is now possible to more closely control the weight of
the pulletcoming into production and to be confident that, with
challenge feeding, the additional feed is being used to maximize
egg output rather than put extra weight on already-oegght
cockerels. By being able to precisely control cockerel weight
marked impreements in hatch of total eggs set, with reduced
cockerel numbers, is now being attained.

Providing adequate vitamins in a breeding ration is very
important. Deficiencies of various traeeements and vitamins
may lead to reduced hatchability and poorckhjuality. Dead
embryos may exhibit conditions that reveal the particular vitamin
deficiencies causing their death. A deficiency of Vitaminill
cause a rapid decrease in hatchability. Theadso a poorer
survival rate for chickens that do hatchb&iavin (Vitamin B)
deficiencies also cause poor hatchability with embryos showing
clubbed down. The degree of the deficiency affects the stage at
which death of the embryo takes place.

Biotin, choline and manganese (Mn) help prevent a
condition known a perosis or slipped tendon. An acute
deficiency of biotin causes high embryo mortality during the
period of 7296 hours of incubation. A Mn deficiency gives rise
to embryos with parrot beaks and nutritional chondrodystrophy,
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which is a shortening of therig bones of the embryo. A choline
deficiency is unlikely, as the hen seems fully able to synthesize
her own requirements.

These vitamins and minerals must be included in
breedes diet: riboflavin, pentothenic acid, vitaminJB niacin,
folic acid, biotn, choline, vitamin A, vitamin B vitamin E,
vitamin K, Mn, phosphorus and zinc. Most commercial breeder
mashes and concentrates are sufficiently fortified and contain
more than an adequate amount of these essential vitamins and
minerals to insure propembryo development

Obesity in female broiler breeders

Broiler breeder females are reproductively unfit, when
they are allowed to fulleed. The strong negative relationship
between reproductive efficiency and body weight has resulted in
considerable asearch interest in defining thadeal' target
growth curve. The reproductive symptoms associated with
breeder females being overight are related to the birds having
excessive follicular development. The problems arise when a hen
is faced with being iran excessively positive energy balance.
Overweight hens frequently exhibit Erratic Ovulation and
Defective Egg Syndrome (EODES). This term implies that they
do not follow the normal patterns of the ovulatory cy&lather,
EODESafflicted hens ovulate mlost at random and lay eggs at
night as well as during the day. The eggs are defective for the
reasons that they often have multiple yolks, are misshapen or
have poor shell quality.

A normal feed restricted hen ideally should have about 8
large yolky folicles (greater than 1lcm diameter). It is very
important that these follicles are present in a hierarchy that is
well spaced, with little evidence of ‘&ouble hierarchy If
pullets are ovefed, particularly during the time that the ovary is
developing & sexual maturity, the number of large ovarian
follicles can be as high as 12 or 14. In many cases, there is
clearly evidence of double hierarchy (follicles are within 1g of
each other). Some hens have complete séetsvof' yolks.
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These developing @g may reside together in the shell
gland. The areas where the 2 eggs are touching will not be
properly calcified and neither egg will have adequate shell
quality to support an embryo to hatching due to excessive
moisture loss. Sometimes the 2 eggs canségarated by a
greater distance in the oviduct. If the first egg is in the shell
gland, it may be oviposited (laid) when the second ovulation
happens. Sometimes that does not happen, and 2 eggs will be
seen in the tract.

Overweight hens can also develogome severe
reproductive problems that can be fatal. In some cases, it appears
that oviduct motility is impaired and the oviduct becomes
impacted with developing egg#ternal ovulation takes place
when the follicles are not picked up by the oviduct, ingtead
fall into the body cavity. About-80% of all breeder hens carry
some remnants of internally ovulated follicles.
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Chapter 13

Nutrition of Water Fowl

Ducks and geeseare classified as waterfowl. Although
theybelongto the same category but we discuss teparately.

Duck:

The commercial duck industry in the various parts of
world is focused around the production of young ducklings for
meat purpose as broiler and turkey. In Pakistan duck farming is
mainly based in Sialkot and Sheikhupura districtd, dou very
small scale, because of little preference towards the duck meat.
The best meat yielding duck breeds include White pekin,
Aylesbury, Rouen and Muscovy ducks. Whereas egg producing
breeds includes Khaki Campbell and Indian Runner.

A combination & wheat and commercial turkey starter
containing 25% protein is a satisfactory diet for ducks. The
addition of a powdered vitamin mix to the wheatkey starter
combination results in a diet, which adequately meets the
nutritional requirements of most veatowl species. Waterfowl
tend to waste a substantial amount of feed if it is in a mash form.
Therefore pellets or crumbles are recommended. A source of
insoluble grit should be provided to birds, which have access to
green vegetation and/or a source ofolehgrain. Two rations, a
starter diet and a holding diet, are sufficient for all routine
feeding purposes in captive ducks.

Starter ration:

Starter ration is fed to ducklings until they reachda§s
old. Initially, the starter ration will consist sbtleof turkey
starter; after 2<days, wheat is gradually added until it constitutes
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50% of the mixture by dag28. Basic starter diets can be
supplemented with green feeds. Duckweed (Lemna minor) is an
ideal green feed for use by ducklings.

Holding ration:

The holding ration consists of a-50 mixture of wheat
and turkey starter with a vitamin mix added and fine granite grit
offered ad libitum This should be the standard diet used for
feeding all captive waterfow! after 28ays of age. Oyster shell
shoud be added during the breeding season to supply additional
calcium (Ca) necessary for egg shell production.

Brooder-rearing feeding:

Ducklings should have feed and drinking water available
when they are started under the brooder or Reredingmust
initially be encouraged in newly hatched ducklings by sprinkling
starter on the floor. Natural curiosity will lead them to peck at the
scattered feed. Once the ducklings have learned to feed, the
starter should be supplied only in dishes in order to prevasie
and maintain sanitary conditions. The young ducklings are
essentially full grown by the time they reachd#ys old. Once
they are fully grown, they may be placed with adult birds.

Nutrient requirements of ducks:

Ducks require the same nutrients @sickens, but in
slightly different amounts, and particularly in terms of the ratio
of each nutrient to the energy concentration of the diet.
Suggested nutrient levels for complete duck rations are listed in
table 1. These levels are set high enough toetmibe
requirements of all breeds of domestic ducks. For each type of
ration, requirements for a high and a low energy ration are given.

15¢



Table 1. Suggested levels of nutrients for duck rations

Nutrients Starter Grower-finisher Breeder developer Breeder layer
High energy|Low energyHigh energylLow energy High energyLow energyHigh energy Low energy

Metabolizable energ¥cal/kg 3086 2646 2646 3086 2866 2205 2866 2646
Crude protein% 22 19.1 14 16.1 17.6 12.8 175 16.2
Lysine, % 1.2 1 0.7 0.8 0.9 0.6 0.8 0.7
Methionine, % 0.5 0.4 0.3 0.4 0.4 0.3 0.4 0.4
Tryptophan % 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
IArginine, % 1.2 1 0.9 1 1.1 0.8 0.9 0.8
Threonine % 0.8 0.7 0.5 0.6 0.7 0.5 0.6 0.5
Histidine, % 0.4 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Isoleucine % 0.9 0.8 0.6 0.7 0.8 0.6 0.7 0.7
Phenylalanine% 0.8 0.7 0.6 0.7 0.8 0.6 0.7 0.6
Phenylalanine+tyrosinép 15 1.3 1.1 1.3 1.4 1 1.1 1
Calcium,% 0.7 0.6 0.6 0.7 0.8 0.6 3 2.8
Phosphorus¥ 0.4 0.4 0.3 0.4 0.4 0.3 0.4 0.4
Sodium,% 0.2 0.1 0.1 0.1 0.2 0.1 0.2 0.1
Potassium% 0.6 0.5 0.5 0.6 0.7 0.5 0.6 0.6
Magnesiummag/kg 500 435 435 500 550 400 500 465
Manganesemg/kg 50 44 35 40 44 32 40 37
Zinc, mg/kg 60 52 52 60 66 48 60 56
Iron, mg/kg 80 70 70 80 88 64 70 65
Copper,mg/kg 8 7 5 6 7 5 6 6
Vitamin A, IUYkg 5000 4350 3480 4000 4400 3200 6000 5580
\Vitamin Ds, IU/kg 600 522 435 500 550 400 600 558
\Vitamin E, 1U/kg 25 22 17 20 22 16 30 28
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Nutrients Starter Grower-finisher Breeder developer Breeder layer
High energy|Low energyHigh energyLow energyHigh energyLow energyHigh energyiLow energy

\Vitamin K, IU/kg 2 2 1 1 2 2 2 2
Choline,mg/kg 1300 1130 870 1000 1100 800 1000 930
Vitamin B,, mg/kg 4 4 3 3 4 3 4 4
Niacin, mg/kg 50 44 35 40 44 32 50 46
Pentothenic acidng/kg 12 10 9 10 11 8 12 11
\Vitamin By, mg/kg 0.01 0.01 0.004 0.005 0.01 0.01 0.01 0.01
Pyridoxine,mg/kg 3 3 3 3 3 2 3 3

1. International unit

Note. Duck rations also contairt east 0.25mg/kg of folic acid a minimum of 0.13mg/kg of biotin
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Energy:

Ducks, like chickens, have simple stomachs, and
therefore cannot digest appreciable amounts of dietary fiber
(cellulose, lignin). However, ducks oveiwkeks of age have an
exceptional capacity to consume large quantities of feedstuffs
that are high in fiberas compare to chickens. When such
feedstuffs contain even small amounts of available energy, ducks
may be able to consume enough of such feedstuffs to partially or
even fully meet their energy requirements. Generally, however,
ducks grown for meat are n®rlikely to attain optimal
performance when their diet contains a high proportion of cereal
grains that are high in available energy such as corn, wheat and
sorghum grain. Such diets will also result in better FCR.
However when low energy feedstuffs, sashcereal byproducts,
are available at favorable prices, they can be incorporated into
duck rations at fairly high levels, so long as the ration is well
balanced.

Protein:

Ducks, like other poultry, require the amino acids
contained in dietary protein¥he proteins in the diet are broken
down during digestion to amino acids, which therefore are
absorbed and used to make body proteins, such as those in
muscle and feathers. Protein levels that meet the ducks amino
acid requirements may vary slightly, @eling upon the amino
acid contents of the ingredients used in each formulation.

Minerals and vitamins:

The minerals and vitamins requirements of ducks are
listed in table 1. The most critical minerals in the duck nutrition
are Ca, phosphorus and sodiuifna duck producer mixes his
own feed, the simplest way, and often the most economical as
well, is to add vitamins and traeeinerals in the form of
commercially prepared premixes. If it is not possible to use
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prepared premixes, the next best choice isptwmchase the
vitamin and mineral sources and make own premixes.

Water:

Plenty of clean drinking water should be available to
ducks at least-82 hours/day. In some management systems it is
advantageous to shut off feed and water at night to help amaint
litter inside buildings in a dry condition. This applies to breeder
ducks or market ducks overvBeeks of age. This practice is not
harmful and has no effect on performance during periods of
moderate temperatures, if done properly. Ducks can expedexce
heat through their bill and feet, when allowed contact with water
that is appreciably below their body temperature (41.7°C). Water
temperatures of 2@1°C are ideal for ducks.

Duck feeding:

The feed consumed must contain all essential nutrients, in
an available form, that are needed for maintenance, growth and
reproduction. Feeding practices will depend in part on the
number of ducks raised. If a household raises a few ducks, and
they have access to areas where they can forage, they may be
able to surive, grow and lay eggs by consuming available feed
such as green plants, insects, snails, frogs and table scraps. Under
such conditions, ducks will likely grow very slowly and produce
a small number of eggs. Herded ducks are an exception, but they
requireaccess to large areas where feed is available and the care
of a herdsman.

A small home flocks with better growth and more eggs
will require a supplemental feed. At a minimum they will have to
feed some grain. With increase in size of a flock, it becomes
more likely that the flock will not be able to get enough feed by
foraging; therefore supplemental feeding will become necessary.
In absence of a duck rations, chicken feeds will also serve as a
satisfactory substitute.
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Under intensive rearing system, ffdrent feeding
practices are followed. These include dry mash, wet mash, pellets
or crumbs. Dry mash, crumbs and pellets are given at free choice
but wet mash is needed to be provided at frequent intervals.
Ducks have difficulty in swallowing dry mash;eth will take a
mouthful and swill it down at nearest water source thus wasting a
great deal of nourishment in the water. To prevent this, wet mash
may be given. Usually wet mash is giverb 4imes daily for
ducklings up to 2veeks of age and-& times day afterward.
About 10 to 20 minutes time, at each meal of wet mash is
sufficient and more time may be allowed on the last meal of the
day. After each meal the residual wet mash is to be removed.
Currently pellet feeding has become popular. Pellet size for
ducks is approx.-8mm.

Feeding growing breeders:

Meattype ducks (e.g. Pekins), which are kept as breeders
can become excessively fat, if fedl libitum during growing
phase. It is therefore necessary to limit their daily intake of feed
to an amount thawill supply all the necessary nutrients that are
needed for proper development, while avoiding an excess of
calories. For best results, feed restriction should begin at about 2
weeks of age but practically it is often begun at abewe@ks.
From the tine restriction is begun, and up until the breeders are
sufficiently mature (about 2&eeks of age for Pekin ducks),
their daily feed intake should be limited to-80% of the amount
they would eatad libitum Feed can be spread out in long
wooden troughs,ma cement slab or on the ground if the area is
dry and clean.

Feeding laying breeders:

Nutrient levels of duck breeder layer rations are listed in
table 1. Layer rations contain a higher level of Ca than other
duck rations because of the laying dacleed for additional Ca
for egg shell formation. A level of 3% of the diet is adequate for
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most breeds of ducks including high egg producing breeds. When
enough Ca is included in the ration, it is not necessary to feed
oyster shells in addition.

Feed quality:

The most common reason of deterioration of feed quality
in a duck operation is failure to dry grains and other feedstuffs
properly before storage. High moisture grains without turning or
aeration can cause the grains heat up and moldy and sotse of i
nutritive value will be lost. It should be made sure that the grains
and other feedstuffs used in duck feeds are properly dried and
must be free of molds and other contaminants. If table scraps,
bakery waste, wet mash or other feeds high in moisturédre
feed only what ducks will clean up in a day.

Rapeseed meal is another feedstuff that is potentially
toxic to ducks. Some older varieties of rapeseed meal contain
erucic acid and goitrogens at levels high enough to be harmful to
poultry. Ducks are mch more sensitive to erucic acid than are
chickens and turkeys. Genetically improved varieties of rapeseed
(Canola) contain much lower levels of these toxins. However
even Canola meals should first be tested in ducks before their use
in duck feeds on allge scale. Mold toxins can cause damage to
the ducks digestive organs, liver, kidneys, muscles and plumage,
and can also reduce growth and/or reproductive performance.

Mash or pellets:

It is a wellestablished fact that ducks grow faster, and
utilize their feed more efficiently, when fed pelleted rations than
mash. The major problem with feeding dry mash to ducks is the
formation of a sticky paste when mixed with saliva, which cakes
and accumulates on the outer ridges of the mouth. In attempting
to free their bills of caked feed, ducks make frequent trips to
water to wash their bills, causing feed wastage. Feeding mash
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also reduces feed intake, and in the case of market ducks, reduces
their growth rate. In small flocks where pellets are not available
to the ducks, the solution is to feed wet mash. Water is mixed
with the mash just before feeding. Enough water is added to form
a thick mush without making it watery. Mix only what ducks will
clean up within a day

Pellet size:

When pelleted feeds are féd ducks it is important to
avoid feeding pellets that are too large in diameter or too long for
ducklings to swallow. For newly hatched ducklings, pellets
should be no larger in diameter than 4mm, and no longer than
8mm. After about 2veeks of age, Pekiducklings can consume
pellets 4.8mm in diameter, and approximately 12.7mm in length,
without difficulty.

Table 3. Nutritional comparison of duck and chicken eggs

Nutrients | Ducks| Chicken|  Nutrients | Ducks| Chicken
(/100g of fresh eggs) (/100g of fresh eggs)

Water,g 74.6 70.8 | Vitamins (mg)
Energy kcal 185 158 | Thiamin 0.2 0.1
Protein,g 12.8 12.1 | Riboflavin 0.4 0.3
Lipids, g 13.8 11.2 | Niacin 0.2 0.1
Minerals (mg) Vitamin Bg 0.3 0.1
Calcium 64 56 Vitamin By, 5.4 1.6
Iron 3.9 2.1 | Vitamin A, IU* 1328 520
Magnesium 16 12 | Amino acids(g)
Phosphorus 220 180 |Lysine 1 0.8
Potassium 222 130 | Methionine 0.6 0.4
Sodium 146 138 | Cystine 0.3 0.3
Zinc 14 1.4 | Threonine 0.7 0.6
Lipids (g) Isoleucine 0.6 0.8
Total saturated 3.7 3.4 | Phenylalanine 0.8 0.7
Monoursaturated 6.5 4.5
Polyunsaturated 1.2 15
Cholesterolmg 884 548

1. International units
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Table 4. Relative productivity of hens and ducks kept for
egg production

Brown egg | White egg | Khaki
laying hen | laying hen |campbell
Hen housed averag 269 277 237
egg/bird/year
Mean egg weightg 59.7 56.9 75.5
Point of lay weight,kg 1.6 1.3 1.5
Feed consumed
0-20 weekskg 8 7.1 8.9
21-74 weekskg 42.2 41.5 56.8
Total feed/kg egg 3.1 3.1 3.7

Nutritive value of duck egg:

The tables & 4 show the comparative nutrient contents
of egg produced by chicken and duck and comparative
productivity of hens and ducks kept for egg production. The
nutrient content of duck egg is bit higher than the chicken, when
compared on /100g of fresh eggs. Theanaifference is in the
cholesterol contents, which in the case of duck egg is reasonably
higher (884mg vs. 548mg). The total number of the eggs
produced by the white edgying hens is higher (277) than the
Khaki Campbell (237) but the ducks are producmgre total
mass/duck (17.89kg) than chicken (15.76kg).

Geese:

Geese are largely raised in European countries for the
production of meat and feathers. Geese are the grazing birds and
can be raised on the ranges. Geese are also classified as
herbivores and can accept high fiber diets. However the
digestibility of fiber is low in this species. The ability of geese to
utilize fibrous feeds results from fast passage time that allows a
high feed intake, plus the efficient manner in which gizzard
breaks dowrplant cell walls, which allows the digestion of plant
cell contents.
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Nutrient requirements of geese:

Goslings should be started on 20% goose starter ration in
the form of crumbles or pellets that are 2877mm. Goslings
can also be started on a cruntbler pelted chick or turkey
starter, but it must be nemedicated as coccidiostats included in
such feeds can cause lameness and even death among goslings.
The rations for geese should be pelleted (4.8mm). It is noticed
that mash or crumbles cause too mwehstage. The general
nutrient requirements for the commercial meat geese and some
fine examples of goose rations are given in the tables 5 and 6.

Table 5. Nutrient requirements for geese

Nutrients 0-4 weeks; | After 4 weeks | Breeding
2,900 3,000 2,900
Protein,% 20 15 15
Lysine,% 1 0.9 0.6
Methionine + Cystine% 0.6 0.5 0.5
Calcium,% 0.7 0.6 2.3
Non-phytate phosphoru8sp 0.3 0.3 0.3
Vitamin A, IU? 1,500 1,500 4,000
Vitamin D, U 200 200 200
Choline,mg 1,500 1,000 -
Niacin, mg 65 35 20
Panbthenic acidmg 15 10 10
Riboflavin, mg 3.8 2.5 4

1. These are dietary energy concentrations expressed in kcal ME/kg diet
2. International units
Note. Values given in bold are estimated

(NRC, 1994)

Feeding:

Feed and drinking water should be available with goslings, when
they are started under the brooder. For the first few days feed can
be placed on egg case flats or other rough paper. The types of
feeders are the samewssed for chicks. After the first2 weeks,

a pelted chick grower ration can be fed, supplemented with a
cracked grain. Geese are better foragers than ducks and a
succulent pasture or lawn clippings can be provided as early as
the first week.
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Table 6. Examples of goose ration

Ingredients (%) Starter Grower-finisher
Ground yellow corn 15 20
Ground wheat/Milo 15 20
Ground barley 20 25
Ground oats 20 25
Meat scrap (50%) 2 3
Soybean meal (47%) 21.5 4
Dried whey 2 -
Dehydrated alfalfa me#l7%) 3 -
Dicalcium phosphate 0.5 -
lodized salt 1 1
Riboflavin, g/T 2
Niacin,g/T 20 -
Vitamin By, mg/T 6 -
Total 100 100

A good share of feed can be from forage; by the time the
birds are 5% weeks old. Geese can be very selective and tend t
pick out the palatable forages. An acre of pasture will suppert 20
40 birds, depending on the size of the geese and pasture quality.
Supplemental grain feeding of goslings is often continued after
they have been established on good pasture. Howeves ftack
be raised only on green fodder during the pasture period.
The goslings can be full fed in confinement and marketed as
"junior or green geeseat about 16veeks of age. Geese can also
be used for weeding purposes. Weeder geese are used with great
sucess to control and eradicate troublesome grass and certain
weeds in a great variety of crops and plantings like cotton, onion,
garlic, corn and orchards etc. Geese for breeding purposes are fed
holding and breeding diets for the intensive production iilde

eggs.
Breeder geese:

There is a dearth of information available on the
nutritional requirements of breeder geese. A -n@dicated
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chicken breeder type diet fed in pellet form gives satisfactory
results. It has been established that 15% proteindsfesme
adequate and the levels of vitamins in a chicken breeder ration
appear to be sufficient. During the breeding season, feed should
be available to the birds at all times. The feeding of pelleted
chicken breeder rations should be started at least éhrbefore

egg production. However birds on this ration do not need
supplemental hay or grass. If pasture is not available in the
breeder pens, the birds can be put on pasture after they stop
laying in the early summer. The breeder feed can then be
restriced or stopped, depending on the quality of the pasture,
until the next season.



Chapter 14

Nhitritinn of Tiirkeve

Turkey is native to the new world. Present domesticated
turkeys are descendants of the MexicansspdriesMeleagris
gallopavo gallopavoand the astern wild turkeyMeleagris
gallopavo silvestris The major species of turkey aMorfolk
Black, Nicolas Breed and Broad Breasted Bronze.

Nutritive requirements of turkeys:

The nutritive requirement of turkey is similar to those of
chickens but vary in@ne respects. The turkey is quite sensitive
to nutrition deficiencies. For the firstBeeks of the poults life
the birds should be fed a turkey starter mash or crumble. This
should be giverad-ib. After 5weeks a grower ration should be
introduced and dittle grain such as wheat and maize may be
introduced up to 1@veeks of age. Breeders should be given pre
breeder or holding ration also.

The Nutrient requirement of turkeys may be divided into
different categories according to the requirements of thas bi
used as source of meat, egg production or breeding. The growth
rate of turkeys has been increased greatly during the past decade,
due to the efforts by commercial breeders in various parts of the
world. Approximate live body weight and feed consumptiata
of the turkeys are shown in table Rutrient Requirements for
turkey are given in table 1.
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Table 1. Nutrient requirements of turkeys as percentages or as milligrams or units per kilogram of feed

Age (wees)

M: 0-4, M: 4-8, | M:8-12, | M: 12-16, M: 16-20, M: 20-24, | Breeder | Breeding

F:0-4 F: 4-8 F:8-11 F:11-14 F: 14-17 F:17-20 | Holding hens
Energy base kcal ME/kg diet | 2,800 2,900 3,000 3,100 3,200 3,300 2,900 2,900
Protein,% 28 26 22 19 16.5 14 12 14
Arginine, % 1.6 1.4 1.1 0.9 0.8 0.6 0.5 0.6
Glycine + serine% 1 0.9 0.8 0.7 0.6 0.5 0.4 0.5
Histidine, % 0.6 0.5 0.4 0.3 0.3 0.2 0.2 0.3
Isoleucine % 1.1 1 0.8 0.6 0.5 0.5 0.4 0.5
Leucine,% 1.9 1.8 1.5 1.3 1 0.8 0.5 0.5
Lysine,% 1.6 1.5 1.3 1 0.8 0.7 0.5 0.6
Methionine % 0.6 0.5 0.4 0.4 0.3 0.3 0.2 0.2
Phenylalanine 1 0.9 0.8 0.7 0.6 0.5 0.4 0.6
Threonine % 1 1.0 0.8 0.8 0.6 0.5 0.4 0.5
Tryptophan% 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1
\Valine, % 1.2 1.2 0.9 0.8 0.7 0.6 0.5 0.6
Linoleic acid,% 1 1 0.8 0.8 0.8 0.8 0.8 1.1
Calcium,% 1.2 1 0.9 0.8 0.7 0.6 0.5 2.3
Phosphorus, availablég 0.6 0.5 0.4 0.4 0.3 0.3 0.3 0.4
Potassium% 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.6
Sodium,% 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.2
Chlorine,% 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Zinc, mg 70 65 50 40 40 40 40 65
Iron, mg 80 60 60 60 50 50 50 60
Copper,mg 8 8 6 6 6 6 6 8
Vitamin A, 1U3 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Vitamin D?, ICU? 1,100 1,100 1,100 1,100 1,100 1,100 1,100 1,100
\Vitamin E, U 12 12 10 10 10 10 10 25
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Age (wees)

M: 0-4, M: 4-8, | M:8-12, | M: 12-16, M: 16-20, M: 20-24, | Breeder | Breeding

F: 0-4 F: 4-8 F: 8-11 F:11-14 F: 14-17 F:17-20 | Holding hens
Energy base kcal ME/kg diet | 2,800 2,900 3,000 3,100 3,200 3,300 2,900 2,900
\Vitamin K, mg 1.8 15 1 0.8 0.8 0.5 0.5 1
Riboflavin, mg 4 3.6 3 3 25 2.5 2.5 4
Pantothenic acidng 10 9 9 9 9 9 9 16
Niacin, mg 60 60 50 50 40 40 40 40
\Vitamin By, mg 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Choline,mg 1,600 1,400 1,100 1,100 950 800 800 1,000
Biotin, mg 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.3
Pyridoxine,mg 4.5 4.5 3.5 3.5 3 3 3 4

1. These are typical metabolizable energy (ME) concentrations forsogrdiets. Different ME values may be appropriate if

other ingredients predominate.

2. These concentrations of vitamin D are satisfactory when the dietary concentrations of calcium and available phosphorus

conform to those in this table.
3. International units
4. International chick units

Note. Estimated values are indicatedbinld to dstinguish them from the established requirements shown in Roman type
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Table 2. Growth rate, feed and energy consumption of lar

&/pe turkeys

172

Body weight Feed consumption Cumulatlve'feed ME consumption
Age consumption
Male | Female Male [ Female Male [ Female Male |  Female
(Weeks) (kg) (kg/week) (kg) (Mcal/week)
1 0.12 0.12 0.1 0.1 0.1 0.1 0.28 0.28
2 0.25 0.24 0.19 0.18 0.29 0.28 0.53 0.5
3 0.5 0.46 0.37 0.34 0.66 0.62 1 1
4 1 0.9 0.7 0.59 1.36 1.21 2 1.7
5 1.6 14 0.85 0.64 221 1.85 25 1.9
6 2.2 1.8 1.1 0.8 3.31 2.65 3.2 2.3
7 3.1 2.3 1.4 0.98 4.71 3.63 4.1 2.8
8 4 3 1.73 1.21 6.44 4.84 5 35
9 5 3.7 2 142 8.44 6.26 6 4.3
10 6 4.4 2.34 1.7 10.78 7.96 7 5.1
11 7.1 5.2 2.67 1.98 13.45 9.94 8 5.9
12 8.2 6 2.99 2.18 16.44 12.12 9 6.8
13 9.3 6.8 3.2 2.44 19.64 14.56 9.9 7.6
14 10.5 7.5 3.47 2.69 23.11 17.25 10.8 8.4
15 11.5 8.3 3.73 281 26.84 20.06 11.6 9
16 12.6 8.9 3.97 3 30.81 23.06 12.3 9.6
17 13.5 9.6 4.08 3.14 34.89 26.2 13.1 10.1
18 14.4 10.2 4.3 3.18 39.19 29.38 13.8 10.5
19 15.2 10.9 4.52 331 43.71 32.69 14.5 10.9
20 16.1 11.5 4.74 34 48.45 36.09 15.2 11.2
(NRC, 199



Feeding

Turkeys are fast growing and efficient converters of
feedstuffs to high quality meat. Therefore, turkeys require
balanced high protein rations. Feeding programs for heavy
turkey, broiler turkey, turkey breeder (ficand Hen) is different.

In order to ensure a low percentage of stanws, feed and water
should be placed in the pens before the arrival of the poults. On
arrival, it is advisable to dip a few poults beaks in water to help
get them started drinking amuevent dehydration, particularly if
they are more than 24 hours old when they arrive. This practice
may reduce starveuts, which peaks around-days of age.
During the first few days, place some feed in feed trays, paper
plates, box lids or egg trayshib will help to get the poults
eating. A 5L water fountain per 50 poults should be used for the
first several days, until the poults are accustomed to the adult
drinkers. The switclover from feeder lids and fountain drinkers
should take place gradually.

Feeding by class of turkey

The different classes of turkeys can be distinguished by
weight and length of growing period (Table 3). Keeping turkeys
beyond the recommended slaughter age may be costly due to
poorer feed conversion ratio (FCR).

Table 3.Classes of turkey

Slaughter age Live weight
(weeks) (kg)
Broiler turkey 12-14 <6.2
Heavy hen 1518 9.8
Heavy tom 18-23 > 9.8

The feed trough should not be filled more than half full.
The birds will otherwise waste feed, which is expensive. As the
birds grow, they will need larger watering and feeding
equipment. For heavy turkeys (hens, toms), specialized feeding
and watering equipment are required. Broiler turkeys are usually
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raised with chicken equipment. The starter diets should be fed as
crumblkes and the remaining diets as pellets. Insoluble grit may be
sprinkled once a week at the rate of 1kg/100 birds.

Calorie: protein ratio:

The ratio of calories of metabolizable energy/kg of feed
for each 1% protein is the caloiie-protein ratio. In stder diets,
this ratio will be narrow because of the high protein level in the
diet needed to promote muscle growth. In grower, and
particularly finisher diets, this ratio widens due to higher energy
levels and lower protein. The purpose of this widerorai to
improve the fattening of the birds. The comparative energy
utilization values of turkey breeder and white leghorn layers are
given in table 4. The average expected weights for the 3 classes
of turkeys are shown in table 5.

Table 4. Comparative ergy utilization

Energy intake Maintenance growth
(g/day) Egg energy (g/day)
(g/day)
Turkey breede 40 9.2 (23%) 30.8 (77%)
Leghorn 18 9 (50%) 9 (50%)
Table 5. Expected weights for turkeys by class
Age Weight
(Week) (Days) (kg)
Broilers (mixed) 13 3 5.7
Broilers (using heavy hens) 11 3 5.6
Hens 14 5 7.4
Toms 19 12.7

Feeding pattern changes

Changes in feeding pattern for heavy turkeys should be
made depending on the season of the year the birds are being
finished off. If birds are beinfinished off during warmer months
(late summer or early fall), it is recommended to feed a higher
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level of protein during the latter stages of the growing and
finishing period. However if the birds are being finished off in
the cooler months, the level oprotein can be reduced
approximately 2veeks earlier.

Reducing turkey leg problems

It has been suggested that decreasing the percentage of
protein fed to turkeys during the firstvéeeks can reduce severe
leg problems by as much as 50% and producéthieabirds
with improved carcass quality. When fed tom turkeys at 100, 80,
70 or 60% of the NRC (1994) recommended protein levels for
the first 6weeks, followed by the full recommended levels from
7-weeks to the end of the 2@eek growing period.

It has been noted that as the levels of protein decreased,
body weight at 6veeks decreased (2.23, 1.94, 1.63 and 1.39kg,
respectively) and the FCR was poorer (1.63, 1.73, 1.90 and 2.16,
respectively). Actually, the low protein groups consumed less
feed, but heir reduced weight resulted in poorer FCR to that
point. Weight gain during-20 weeks period (on regular feed)
was not affected (15.5, 15.2, 14.9 and 14.5kg, respectively), but
the FCR was significantly improved as a result of the early
protein restricton.

Turkeys have been bred to grow so fast that they often
become too heavy for their legs to carry them. As leg weaknesses
increase and the birds spend a lot of time sitting down, they tend
to develop breast blisters and get cuts and scrapes from being
stepped on by other birds. Turkeys without leg problems suffer
less stress and fewer injuries, so they have fewer disease
problems. Restricting the amount of protein during the first 6
weeks decreases weight gain slightly, but at the end-ofe2ks
the diference is only 6%, approximately 0.9kg/turkey.

Benefits of biotin to turkey hatchability:

Biotin is an essential component of coenzymes in
carbohydrate, fat and protein metabolism. The enprggucing
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tri carboxylic acid (TCA) or Krebs cycle also deys on biotin.
Biotin is important in thyroid and adrenal gland function, as well
as in the reproductive tract and nervous system. The vitamin is
essential in a number of metabolic activities, but is especially
quick to make its importance known in turkegtchability. It had
been reported since long that turkey hens fed a bilgiicient

diet showed a marked decrease in hatchability and a high rate of
embryonic mortality.

The need for supplemental biot{irigure 1 and 2) has
been demonsited (Chenet al., 1994). The studies compared
turkey breeder performance at 2 supplemental biotin levels:
162mg and 680mg/T of complete ration in csoybean meal
based diets starting at the time of light stimulation (31 or 30
weeks) and fed for 2Weeks

In the first of the 2 studies, during 50 to 54 weeks of age,
egg production and hatchability of fertile eggs were both
significantly greater from turkey hens fed 680mg supplemental
biotin/T of feed. Egg production and hatchability were increased
by 22%in week50 and by 10% in week4, compared to hens
fed 162mg/T. They reported that the higher level of dietary
supplemental biotin also seemed to be beneficial to later
reproductive performance.
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Figure 2. Dietary biotin and hatchability in turkeys

The researchers found significant benefits duringwWeeks and
after 16weeks of production, when both experiments were
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analyzed together. Egg productiomsvincreased by 10.5%-{0
weeks). Even greater responses were seen later, with a 33.5%
increase (224 weeks) of production. Fertility was also
increased at the highkavel of biotin (4549 weeks).
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Chapter 15

Heat Stress

What is Stress?

Homeostasis mechanisms maintain the constant internal
environment in the body thus keep the normal physiological
function of the body of bird. Any deviation from this normal
condition is called stress. Generally the term stress is used to
describe the detrimental effects of variety of factors on health
and performance of birds. Poultry birds have limited body
resources for growth, production, reproduction, response to
environmental chages and defense mechanism. So under normal
conditions, there is redistribution of body resource including
energy and protein at the cost of decreased growth, production
and health. Under the effects of long term stress birds became
fatigued and weak. Thes®mnditions lead to bird starvation and
various infectious diseases. Due to stress immunity of bird
depresses as a result chance to diseased attack increases. It can
lead to the death of bird.

Types of stress:

Birds can be face stressed conditions keg house are
even in the provision of the state of the art facilities. There are
common sources of stress that can be grouped under one or more
of the following categories;

U Climatic stress including extreme hot, cold and high
humidity.

U Nutritional stress including shortage of nutrients and feed
intake problems.
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U Physiological stress including rapid growth and sexual
maturity.

U Physical stress including catching, injection and transport.

U Social stress including overcrowding and poor body weight
uniformity.

U Psychological stress including fear, harsh care takers.

U Pathological stress i.e. exposure to pathological agents.

In addition to the above categories of stress, all the possible types
of stressors can be classified under the,

a). Avoidable stressors

b). Unavoidable stressors

Avoidable stressors:

Overcrowding

Poor ventilation
Wet litter

Toxin in feed
Starvation

High ammonia level
Dehydration

Poor management

[ et eI en-EN en-EN eI en-R en-EN et

Un-avoidable stressors:

Extreme weather
Handling
Vaccination
Transportation
Rapid growth
De-beaking
Lighting
Medication

[ oA eI en-EN ent- A entAN e en-E et
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Heat stress:

Heat stress is a problem with every poultry production as
high product output whether meat and egg leads to greater
metabolic activity due to which greater body heat production
resulted. This is especially tréier the chicken since it is grow at
rapid rate andvhile heat production is thus increasing its ability
to dissipate heat is diminishing as its body surface, in relation to
body weight, is decreasing.

Physiological mechanism of stress regulation:

Exposue of birds to stress is an inevitable event in
poultry husbandry, when the threshold level of stress is crossed it
results instressto birds.Stress syndromes can be classified into
following stages.

U Stage of alarm reaction (Neurogenic system).
U Stage ofesistance or adaptation (Endocrine system).

1. Neurogenic (sympath@adrenal) systengShort-term

regulation of stress):

This system includes sympathetic (post ganglionic)
nervous system and adrenal medullary tissue. It controls the rapid
response tohie animal i.e. fight or flight or alarm reaction .This
reaction lasts for short time. It is characterized by increased
secretion rate of the catecholamine from the adrenal medulla.
These catecholamine prepare the bird for "Fight or Flight"
reaction and comanding a rapid release of glucose in blood,
depletion of liver glycogen, increased peripheral vasomotor
activity, altered ventilation rate and increased neural sensitivity.
Catecholamine also stimulates the activity of hepatic adenyl
cyclase, the enzymmequired for the production of cCAMP. cAMP
regulates the number of energy reaction (physiological
processes) and directly increases the formation of antibody.
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2. Endocrine systefiong-term regulation of stress):

Endocrine system in stress regulationkisown asthe
'stage of resistance'. This system is comprised of hypothalamus
pituitary adrenal axis (HPA). It is characterized by adrenal
cortical hypertrophy and increased syntheaie and release of
adrenal glucocorticoids, nown as corticosterone irbird
Activation of the HPA is a longeerm adjustment by the animal
to the surrounding changes.

Other hormones:
1) Glucagons:

The U cells of the pancreas prod
alarm response in both mammals and birds.

i) Thyroid hormone:

It is produced by thyroid glands are also involved in stress
regulation.

Nutritional manipulations to combat heat stress
Water:

Water consumption is an important consideration in heat
stress. However, its importance is sometimes down played by the
fact that 80% of the bitsgl heat production during heat stress is
dissipated via panting (evaporative cooling). Addition of various
sals to water alters the bied osmotic balance, resulting in
increased water consumption, thus influencing water balance
during heat stress. No growth response has been observed by
adding salts to drinking water for ndmat stressed birds.
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Research has etvn that increased water consumption benefits
the bird by acting as a heat receptor as well as increasing the
amount of heat dissipated per breath. Such thermobalance effects
are principally observed when water temperature falls below
28°C. Birds in positie water balance are better able to maintain
normal body temperature. This has special significance for the
commercial broiler as heat stress increases urine production,
independent of water intake, thus forcing birds to sustain higher
water consumption \els than required to simply replace water
loss due to evaporative cooling.

Acid-BaseBalance:

Enhanced respiration rate due to heat stress results in
carbon dioxide loss and aelmhse balance changes. However,
these effects of altered adihse balancare little understood.
Weight gain has been enhanced with water carbonation or
supplementation with acids such as ammonium chlorideQ§H
or hydrochloric acid (HCI), suggesting that abigse balance is
critical for maximizing weight gain. While a numbefr additives
have been added for acid/base balance all seem to act by
increasing water intake. Thus, while water intake is an important
consideration there is also an ab@se balance effect which
should be considered.

Ration composition:

A large of umber of diet strategies can be adopted to
overcome heat stress. The addition of dietary fat is reported by
several workers to increase the growth rate. The effect is
supposed to be mediated by less waste heat produced in
metabolizing fat. Thus, moreenergy is partitioned into
productive purposes. Hence, the net affect of feeding fat is to
make more dietary energy available to the bird. Research has
shown that increased energy intake, during heat stress, may
increase growth rate, but invariably at tlest of higher
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mortality. But, birds of heavier weight are more susceptibility to
increased mortality.

Mineral Fortification :

During heat stress mineral excretion via the urine and
feces is increased. Whether specific benefits with mineral
supplementatio exist, independent of their effect on water
intake, is not known. However, it would appear that potassium
based salt mixtures are superior to sodium when added to
drinking water.

VITAMIN FORTIFICATION:

Vitamin fortification resultsrange from the sligt to
magnificentresponse. Generally speaking, vitanhamtification
will not solve a heat streggoblem. However, it is critical that
the bird be provided a good solid vitamifortification premix
and not has vitaminsvithdrawn. It has been observeta
withdrawing the vitamin premixfrom heat stressed broilers
results in agreater reduction in performance (3.2%)an
withdrawing such premixes fromirds housed within a thermo
neutralenvironment (2.8%). Needless to sauch grformance
reductions fapffsetthe cost of the vitamin premix.

Protein Consideration:

In this area controversy exists.Some recommend
increasing dietary protein level arsdmerecommend reduced
levels with improved essential amino acid balance. There appears
to be sufficient reearch to suggest that reduced protein is the
avenue of choice as this has been shown to improve growth and
enhance survivability.
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Chapter 16

Energy

In nutritional sense energy is not a nutriebhtslderived
or abstracted from the nutrient&/hen energy forming nutrients
like carbohydrates, fats and proteins are oxidized /burned or
metabolized in the body, it generates energy. Energy is dissipated
in the cell in the form of ADP (Adenosine Diphospé), ATP,
GDP, GTP, NAD. There is a continuous requirement of energy
for different traits in the body i.e. maintenance, physical
movement, digestion, absorption, metabolism, growth,
production and reproduction. Energy is measured in calories. A
calorie isdefined as the amount of heat required for 1g of water
form 15.5 to 16.5C. Energy can be expressed in Kcal, Mcal and
MJ. When 1g of carbohydrates is catabolized in the body, it
furnishes 4 Kcal. When 1g of protein is catabolized in the body,
it furnishes4 Kcal. When 1g of fat oxidized in the body it
furnishes 9 Kcal of energy.

Gross energy (GE):

Gross energy is the total heat of combustion of a material
as determined with a bomb calorimeter ordinarily expressed as
kilocalories per kilogram of feed. Thgoss energy value of a
feed has no relationshipith feeds digestible, metabolizable or
net energy values, except that the last can never exceed the first.
Certain products such as coal, mineral oil and lignin have a high
gross energy values but, becaaséheir indigestibility, are of no
energy value to the animal. Babecause of their greater
proportion of carbon and hydrogen, yield 2.25 times more gross
energy per kg than do carbohydrates and proteins.
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Partitioning of energy in the body

Digestible energy (DE):

It is the portion of gross energy of a feed which does not
appear in the feces. It includes metabolizable energy as well as
the energy of the urine.

Metabolizable energy (ME):

It is the portion of gross energy consumechich is
utilized by the bird for accomplishing maintenance, growth and
production. It is that portion of enerdgiat not appears in the
feces and urine. Is digestibleenergy minus energy of urine.

Net energy (NE):

Net energy is the portion of metabolizable energycivh
may be used as needed by the animal for growth and production.
It differs from metabolizable energy the sensdhat the latter
does not include the heat of nutrient metabolism. No net energy
is used for heat production, to keep the bird warm.
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