ANN 303 PRINCIPLES OF ANIMAL NUTRITION
COMPOSITION OF ANIMAL BODY
Food is any material which after ingestion by angmia capable of been digested,
absorbed and utilized for physiological proces$@md can be described as an edible
material that nourishes.
However, not all components of ingested materia¢és digested. For example, grasses
and hay are described as food but they contaig@stible components. The components
of food which are capable of been utilized by anéneaie described &8UTRIENTS.
The feed an animal consumes may vary from very lsimpmpounds such as salt (Nacl)
or sugar (GH120s) to extremely complex mixtures provided by somanfd and most
animal tissues. Not all components will be usahitient, although some food of animal
origin such as fish meal, meat meal, milk e.t.c atitzed in limited amount hence
animals will have to depend heavily on plant pradwind their by-products.
The study of plant nutrition is important becausérals depends on them for survival.
Plants are capable to synthesize complex food rakgersing simple substances such as
CO, from the air and water and inorganic elements frdma soil by means of
photosynthesis.
The greatest part of the energy is called chengnalgy within the plant cells and it is
this energy that the animals use for the maintemasfclife and synthesis of it own
tissues.
Plants and animals contains similar type pf chehsighstances. These substances can be
grouped according to their constitution, properties function. The main component of
food are water and dry matter. Dry matter alsodhasmponent of organic and inorganic

components of food.
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WATER
Water is a major item in most animal’s diet. Thetavacontent of animal body varies
with age. New born or Neonates contains 750 — 8gbgl water, but this reduces to
about 500gkd in mature fat animal. Water is vital to life an$ contents should be
maintained.
FUNCTIONS OF WATER
1. It acts as solvent in which nutrients are trangzbebout the body.
2. Solvent in which waste products are excreted.
3. Many of the chemical reactions brought about byyeres takes place in
solution and involves hydrolysis.
4. Water helps in maintaining and/or regulating bogipperature because of its
high latent heat of vapourization.

Animals obtain water from three (3) main sources:

a. Drinking water
b. Water present in the food
C. Metabolic water which is formed during metabolisim the oxidation of

hydrogen containing organic nutrients.
Animals will normally drink water that is requirdéol their daily activities.
NOTE: There is no evidence that under any normal candifhat an excess of drinking

water is harmful.



DRY MATTER (DM)

The dry matter of food is divided into organic a@ndrganic material. There is however
no sharp distraction between them. This is becawsery organic compound contain
mineral element as structural component e.g cadialy contains phosphorus. The
animal body contain very low carbohydrate. Howewmimals are almost entirely made
up of proteins Animals main energy store is in form of fat. Older animals contain a
much greater proportion of fat than young animals.

Proteins are the major nitrogen containing compoimdhe body of farm animals.
Animal muscles, skin, feather, wools, nails, hoefisc contain proteins. Like proteins,
nucleic acids are also nitrogen containing compamtiplay a basic role in the synthesis
of protein in all living organism. They carry geigetnformation in all living cells.
Proteins are the major nitrogen containing compoimdhe body of farm animals.
Animal muscles, skin, feather, wools, nails, hoefisc contain proteins. Like proteins,
nucleic acids are also nitrogen containing compamtiplay a basic role in the synthesis
of protein in all living organism. They carry geigetnformation in all living cells.
Vitamins are present in animals in minute quarditidMany vitamins are important
component in enzyme system. Animals are limitedtheir ability to synthesize all
vitamins and as such depend on external supplypl(eog@ntation). The organic matter
contains all the elements other than carbon, hyrpgxygen and nitrogen. Potassium
and phosphorus are the major inorganic componeaiafal tissue.

LOCATION AND DISTRIBUTION OF NUTRIENTS IN THE BODY OF FARM
ANIMAL

Chemical groups which make up the gross composafahe body of farm animals are
not evenly distributed throughout the various omgam tissues. They are however
distributed and/or localized according to theirduion. Water is available in every part of
the body. Although it varies in terms of quantitieslifferent parts e.g water is present in
blood plasma up to 92%, it is between 72 — 783 usctes. Bones have about 55% and
teeth is 5%.

Protein is present in all cell tissues. It is atke principal content of all organs and
tissues. Fats are deposited under the skin whegefthm adipose tissue. They are also

seen around the intestine, kidney and in lower at®ito The inorganic substances are



mostly mineral matter. They are however increaséd age. The most common of the
mineral matter in the body include calcium whiclmade up of 33%, phosphorus 0.75%,
Sodium 0.16%, Potassium 0.19%, Mg 0.04%, Chlorceipin form of chloride 0.11%,
Sulphur 0.15%. these values are however affectexhbyand stage of fattening.
NUTRIENT
Short and precise definition of nutrient is somehdifficult however a nutrient may be
defined as any chemical element or compound indtee (or given parentarily special
cases that support normal reproduction, growthtatexm and maintenance of life
processes. There are 6 classes of nutrients:

Water

Proteins & Amino acids

a
b
C. Carbohydrates (crude fibre + Nitrogen free extract)
d Lipids

e Vitamins

f. Inorganic elements

Nutrients support cellular needs for water, fusksyctural constituent (Skin, muscles,
bones, nerves, fat) and metabolites regulationridhis that are required in the diet
because they cannot be synthesized by the bodyffinisnt amount to satisfy metabolic
needs are termed “Essential or Indispensable”entsi

Note: Energy is not a nutrient but a property of energydyng nutrient is when they are
oxidized during metabolism. It is required in thetdf all animals and can be provided
by fat, carbohydrate and by the carbon skeletamuho acid after removal of nitrogen.
WATER

Water often is not thought as a nutrient even thouglearly meet all definition as one.

Life cannot be sustained without water. There aselces of water for farm animals:

a. Drinking water
b. Water contained in/on feed.
C. Metabolic water is produced by metabolic processefissues mainly by

oxidation of nutrient.
Three kinds of nutrient produce different amountvater. 1g of fat produces

1.1g of water, 1g of protein produces 0.4g of water



d. Water liberated from metabolic reaction such asleosation of amino acids
of peptides
e. Preformed water associated with body tissues chsaloduring the period of
negative energy balance.
Note: The importance of these different sources of walifflers among
animal species depending on diet, habitat andtabadiconserve body water.
FUNCTIONS OF WATER
1. Water takes part in digestion (hydrolysis of pmotéats and carbohydrates).
Water serves in absorption of digested nutrients
It helps in the transportation of metabolites ia Hody.

Excretion of waste products

a ~ DN

The regulation of body temperature is dependentigligr on the high
conductive property of water to distribute heat hivit the body and by
vapourization of excess water release by metabediction within the cells.
WATER TURN-OVER

Water turn-over is a term used to express the mtiwhich body water is excreted and
replaced in tissues. Non ruminant species havera rapid turn-over because they have
less water in the G.I.T (Gastro-intestinal tradifjose animals that can tolerate greater
water restriction e.g camel have lower turn-ovanttorses and cattle that are less
tolerant to water restriction. Water turn-over ifeeted by: climatic factors e.g
temperatures and humidity .

By ingestion of common salt that increases uriffiaegal excretion.

WATER LOSSSES

Water is lost by evaporation via the skin, perioexcretion in urine and faeces. Water
excreted in urine act as a solvent for excretondpct excreted via the kidneys. Urine
concentration is related to the type of compouncreted (uric acid, urea and minerals.)
for example, poultry excrete uric acid rather thapa as an end products of protein
metabolism. Poultry excrete urine in semi-solidnforith only small amount of water.

This gives birds a slight advantage of productibmore metabolic water than does urea.



Note: Urea is concentrated aqueous solution which cbaltbxic to tissue. In urine, the
urea is diluted by water to harmless concentradiad finally excreted. Faecal water loss
are considerably higher in ruminants than in opecies, been about the same volume
to urinary losses. Cattle that consumes fibre elketete faeces of 68 — 80% water. Sheep
faeces which form pellets contains 50 — 70% water.

WATER REQUIREMENTS

Animals are more sensitive to lack of water thaadfoThe first noticeable effect of
moderate restriction of water is a reduced intakdeed. Severe restriction of water
intake will result in rapid weight loss and bodyhgidrates. Water consumption is related
to heat production. Other factors affecting wateake include:

a. Dietary Factor: Dry matter intake is highly correlated with waiatake at
moderate temperature water content of feed conswatsedaffect total feed
intake. High level of protein intake of fats maygalincrease intake of fats
may also increase water intake.

Consumption of common salt or other salts increasmssumption and
excretion of water greatly.

b. Environmental Factor: heat stress i.e the higher the heat the higlewtter
intake and vice versa.

PROTEINS AND AMINO ACIDS
The word protein is a term from Greek word “PROTEIOneaning prime or primary.
Proteins are essential organic constituent of dgjvorganism and are in the class of

nutrient with highest concentration in muscle tesstianimals.

Like carbohydrate and fat, they contain carbon,rbgdn and oxygen but in addition,
they all contain nitrogen and generally Sulphurti®ut protein synthesis, life will not

exist. Each species has it own specific proteifar§e number of protein occur in nature.
AMINO ACID

The monomer yield of protein are amino acid, theg produced when protein are
hydrolysed by enzymes, acid or by alkali. Over 2@fino acid have been isolated from
biological materials since protein are large moleswhich cannot form the intestinal

walls, so they hydrolysed to amino acids.



Note: Carbohydrate digestion starts from the mouth.

Digestion of protein starts from the stomach.
CLASSIFICATION OF PROTEIN

1.

3.

Simple Protein

a. Globular Protein
b. Fibrous Protein

Conjugate Protein

a. Glyco Protein

b. Lipo Protein

C. Chromo Protein

Phospho Protein

PROTEIN DIGESTION AND ABSORPTION IN NON RUMINANT

The digestion of protein takes place in the stormawh upper small intestine by enzyme

from 3 sources:

1. Mucosa of the stomach
2. The Mucosa of the intestine
3. The Pancreas
The protolitic enzymes, their production site apddaficity of action.
Enzymes Site of Production pH of  optim
activity
Pepsin Mucosa of stomach  Tryptopphan, 1.3-2.0
Phenyl-amine,
Tryoxine,
Methionine
Trypsin Pancreas Arginine, lysine 8-9
Chymo-trypsin Pancreas Aromatic amind - 9
acid
Elastase Pancreas Aliphatic amin®- 9
acid
Carboxyl  PeptasePancreas Aromatic amino/.2
“A” acid

al



Carboxyl  PeptasePancreas Arginine 8.0
IIB”

Amino peptidase Mucosa of stomach Amino acid with4

free NH groups

All this protein dis-integrating enzymes are call@ZYMOGENS, converging of
zymogens into Aliphatic amino acid are amino addhfed in firm of ring active form
takes place in the GIT, the main production of @rodigestion is amino acid which are
absorbed from the small intestine to the portabtland then to the liver.

PROTEIN DIGESTION AND METABOLISM

The major difference between ruminant and non-ramiinis the fermentation on
microbial digestion in the recticulus-rumen wheged or food stays for a longer time in
the alimentary tract (Digestive tract i.e GIT).

The rumen micro-organism produce protolitic enzymésch hydrolyse, the dietary
protein to peptide and amino acid which are furfeemented by de-amination to carbon
IV oxide, ammonia and short chain fatty acid. Thetqlitic activity of the micro-
organism in the rumen is responsible for the libenaof amino acid from the dietary
protein taken by the farm animal which mat furthedrde-aminated. Ruminant are almost
independent of the quality of injested protein. Adeom the nitrogen in the ruminant
feed supply in form of simpe nitrogen compoundhsas ammonium or urea. Protein
injested by ruminant takes the following pathways:

1. During passage of the food through the rumen, muafcthe protein is de-
graded to peptide by action of proteases, the geptare further catabolised to
free amino acid and later to ammonia, fatty acid earbon IV oxide.

2. The de-gradation product formed in the rumen paldaity ammonia are used
by micro-organism in the presence of adequate gnsaurces for the
synthesis of protein and other microbial cell ctnenht such as nitrogen
containing cell wall component and nucleic acid.

3. Part of the ammonia liberated in the rumen canmofixed by the micro-
organism. It is absorbed into the animal blood &adsformed in the liver to



urea (urea cycle) the greater part of which isutdized by the animal, it is

excreted in the urine.

Bacterial cell (Bacterial protozoa) containing jgiatas their main component
pass together with unaltered dietary protein frdwm teticulo-rumen through
the omasum and the abomasums into the intestine. dipestion and

absorption of microbial dietary protein occur i tmall intestine of ruminant
animals in a similar way to that with a monogasspecies. The microbial
protein and non-degraded food protein are digestatde small intestine by
proteins. Amino acid originating from microbial peon from feed and

endogenous protein contribute to the flure of amac@ absorbed from the

gut into the intestinal tissue and blood.

Note: Ruminant animals depend on microbial protein plietagly protein that escape

through digestion in the rumen for its supply fasential amino acid. Proteins are

degraded by rumen microbes according to the follgWeading finally to the production

of ammonia, volatile fatty acid and GO

Protein breakdown in feed

Biosynthesis of micropiaitein

Breakdown of microbial Ammonia in Rum
— >

Protein Content

en Absorption in the blood

Recycling urea

METABOLIC PATHWAY OF AMMONIA

Transfer to posterior digestraet

The amino acid are absorbed from the small intesbip active transport mechanism

which is sodium dependent. Vitamins Boyridoxine) also enhance normal amino acid

transport across the cell. The main objective

otgin digestion is achieved by protein

and peptide degrading enzymes which has been gp#mifcertain linkages acting in a

definite sequence. Ruminant animals are practicaljependent of the supply of

essential amino acids in the diet since ruminarmrerorganisms synthesize the amino

acid required by the host animal.
PROTEIN METABOLISM



The process of tissue protein synthesis of amind aesd breakdown of tissue protein
into amino acid takes place simultaneously. Théwuarreaction involving amino acid is

shown below:

Tissug
Absportion through Breakdoxi/n T Byasis De-amination

the intestine

Amino acids pool Absorption in thieod

Synthesis of amino acids Synthesis of enzymds$harmones
Note: Amino acid act in the body as a common pull iree$jve of their origin and
source.
PROTEIN SYNTHESIS
Biosynthesis of protein comprises of a series otesses involving DNA, which carries
the genetic information, determines the exact strecof the protein been synthesized.
DNA controls the formation of the 3 types of RNA ialih determine the sequence of the
amino acid and the molecular size of the proteenidfermed.
BIOSYNTHESIS OF AMINO ACID
Of the 19 amino acid found in animal body, abowaf be synthesized in animal body
particularly the liver cell. The carbon skeletontbé non-essential amino acid can be
formed from carbohydrate, fats or essential amiaidl.aThe a-amino acid originates
either from ammonium ion or from the amino grouptled amino acid according to the
following 2 pathways.

1. Formation of amino acid by fixation of ammonia.

Glutanic acid is formed by deductive amination wketo-glutamate on intermediate

product of sugar breakdown.
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COOH COOH

CO CONH

glutamate synthase
CH; + NH; + NADH » CH+ NAD" + H,0
CH, Ch
COOH COOH
a-keto-glutamate glutanic acid

Glutanate can be easily converted by tran-aminatitmother non-essential amino acid.
Hence glutamate (glutanic acid) formation is impottfor the synthesis of non-essential
amino acid and amino acid catabolism. Since the @mmenis incorporated into the
glutamate can be transformed into urea.

2. Trans-amination: It is a reversible reaction betwamino acid and-oxo acid
leading to an exchange of the amino acid and anketgroup. Pyridoxial
phosphate, the co-enzyme formed or vitamicBtalyze such reaction e.g
oxaloacetic acid and glutamate leading to aspadiit and keto-glutanic acid.

Note: that transa-amination is catalysed by enzymes fdrme

Transaminases occur in most animal tissues paatlgulliver and it enables
transformation of one amino acid into another.rams$-amination, pyridoxial phosphate
acts as an acceptor of amino group. The resultyrgigxamine transform the amino
group to a news-keto-acid resulting in the regeneration of pyridgbyhosphate and the
formation of a new amino acid. Other amino acidfed by trans-amination from the
breakdown of carbohydrate metabolism are alanioe fpyruvic acid, serine from 3-

phospho-glyceric acid and glycine.
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COOH COOH COOH COOH

CH; CH, CH CH,
CO + CH, » CHNH, + CH,
COOH CHNH, COOH CO
COOH COOH
Oxalo-acetic glutamate aspartic acid a-keto-
acid glutamate acid

AMINO ACID DEGRADATION

Amino acids that are not used for synthesis puposelergo catabolic reaction such as
de-amination or de-carboxylation.

Oxidation de-amination of amino acids in tissuesults in theliberation of ammonia and
the conversion of amino acid to the correspondetg lacid.

RCH(NH,).COOH + % @ + RCOCOOH + NH

De-amination is a process whereby amino acid angerted to the correspondigketo
acid with the liberation of ammonia.

De-amination is therefore a process in which theargrouyp of amino acid is removed
and keto acid is formed with the liberation of anmao Keto acid formed from amino
acid can be oxidized for energy supply or usedyfocose synthesis or converted to fat.
Free ammonia becomes harmful to the cell whenntentration exceed certain limits

and thus it is ultimately excreted as urea in malsmiauric acid in birds and reptiles.

a-ketoglutaric acid + alanine ------------- glutamacid + o-keto acid
Glutamic acid + NAD + H,O----------- a-keto acid + NADH + H + NH;
Amino acid + NAD + HyO----------- o-keto acid + NADH + H + NH;

De-amination of amino acid is effected by NA@ NADP linked dehydrogenases in
tissues is glutamic acid dehydraogenase. In cotipmwith trans-amlyase, glutamic acid

dehydragenase is taken to be responsible for lleealion of ammonia from other amino
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acids. All the amino nitrogen from amino acids whiendergo trans-amination can be
transferred to glutamate which is easily deaminated

DECARBOXYLATION

The breakdown of amino acid by decarboxylation o€an animal tissues of many
micro-organisms particularly intestinal ones.

R R

CHNH;

COOH

Read about the following

CHNH> + CQo,

v

a. Amino acid antagonism

b. Metabolic Nitrogen

C. Endogenous Nitrogen
d. Nitrogen balance
CARBOHYDRATES

The name carbohydrate is derived from the Frengtirdte de carbone’ and was applied
to neutral chemical compounds containing the elésnearbon, hydrogen and oxygen
with which hydrogen and oxygen occurring in the egmmoportion as in water (GB).
Chemically, carbohydrate are therefore polyhydradgehyde or ketones or substances
that yield these on hydrolysis. CHO consists ofghesatest proportion of food consumed
by animals except the carnivours animals.
FUNCTIONS OF CARBOHYDRATE
1. The primary function of carbohydrate in animal mign is to serve as a
source of energy for normal life processes.
2. The relatively insoluble fractions (cellulose, hegliulose) are most
important in providing structural support for ligmplants.
3. Carbohydrates and lipids are the two major sousEesergy for animal body.
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DIGESTION AND ABSORPTION OF CARBOHYDRATES

NON-RUMINANTS

Starch is the only polysaccharide which is hightjiaed by monogastric animal and

dietary disaccharides have to be broken down bediign into mono-sugars whose

molecule are suitable for passage through thetingdract. For absorption to occur,

poly, tri and disaccharides must be hydrolsed lggstive enzyme elaborated by the host
or the microflora inhabiting the GIT of the hostheT following schemes illustrate the

mode of action of carbohydrates.

1. Starch®amviase Maltose o-glucosidase ) c0se
— —
2. Saccharose_“99%2se - Glucose + fructose

B-Glucosidase Glucose + Galactose

3. Lactose
The major carbohydrate digesting enzyme-smylase secreted in the pancreatic juice
which split thea-1,4- linkageso-amlyase cannot hydrolysel,6-branches or linkages.
Intra-cellular amylases complete the hydrolysistafch started by pancreatic amylase in
the intestinal lumen. The mechanism of /or intedtabsorption of sugar involves active
transport. The rate of absorption of sugar deceeistine following order.

Galactose > Glucose > Fructose > Pentose

The absorbed sugars are carried by the portal htmdte liver.

Note: Cellulose and hemi-cellulose escaping the sméadistime of poultry or pigs are
substrate of fermentation which occur in the caectlinss microbial action resemble the
ruminal fermentation of polysaccharide. The capaoit non-degraded CHO to absorb
water increases in bulkiness of the chime pasdingugh the tract. This encourages a
peristaltic action by which food residue are drafwrward through the intestine and
mechanical digestion is enhanced.

RUMINANTS

There are fundamental differences between rumiaadtmongastric animals concerning
the mode of digestion and metabolic pathways aadygpe of the end product formed by
the 2 groups of animals. The major bulk of carbohiglin ruminants feed are polymers;
cellulose, hemicellulose, starch, fructose and ipe¢todder plant contain on the dry
matter bases 20 — 30% of cellulose, 14 — 20% hélumliege and up to 10% of pectin and
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2- 12% of lignin. The breakdown of carbohydratehe rumen may be divided into 2
stages;

a. First, is the digestion of complex carbohydratestmple sugars. This is
brought about by extra-cellular microbial enzymed & is thus analogous to
the digestion of carbohydrate in non-ruminants.luliede is decomposed by
one or moreB-1,3 glucosidase to cellobiose which is then comekeeither to
glucose or through the action of a phosphorylasglticose 1- phosphate.
Starch and dextrin are first converted to maltasaiose phosphorylase or 1-
6-glucosidase to glucose 1- phosphate.

b. Fructans are hydrolsed by enzymes attacking 2,1 2a6dinkages to give
fructose which may also be produced together withage by the digestion of
sucrose. Pentoses are the major products of hdatose breakdown which is
brought about by enzymes attackipd ,4 linkages to give xylose and uronic
acid.

Note: The cellular in roughages are practically to hurb@mgs and most species of
monogastric animals. This may however be well zédi by ruminants due to ability of

microorganism to break it down.

Fermentation in the rumen is by far the most imgrrtmeans whereby ruminants

animals digest and utilize carbohydrate.

METABOLISM OF CARBOHYDRATE IN NON-RUMINANTS

Metabolism of carbohydrate is important to farmnaals since carbohydrate in the body
are the essential source of energy in the bodytlamdtarting materials for biosynthesis
of fat and non essential amino acids. The majodycbof carbohydrate digestion in non-
ruminant is GLUCOSE and it is the starting materifdr biosynthesis processes. The
central transporting medium for glucose is the dlobthe blood glucose concentration is
determined by two opposing processes;

1. Entry of glucose into the blood from the intestigetiginating from food)

liver and other organs.
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2. Withdrawal of glucose from blood into various tissyliver, muscles, kidney,
adipose tissues and brain) and its utilizationh@ tissues for oxidation and
biosynthetic purposes.

The blood sugar is maintained by conversion ofutating blood glucose into glkycogen
(glycogenesis) and re-conversion of hylcogen to cgke (glycogenolysis).
Hypoglycemia is the condition of low level of glucosein the blood.

Hyperglycemia is the condition of high level of glucosein the blood.

SOURCES OF BLOOD GLUCOSE

1. Absorption of glucose resulting from digestion ofigosaccharide and
polysaccharides.

2. Biosynthetic formation in the body tissues partelyl in the liver from non-
carbohydrate metabolites, the glucogenic substgtels as amino acid, lactic
acid, propionic acid and glycerol (gluconeogenesis)

Note: that glucose is the second important energy sdiarceuminants after
volatile fatty acid (VFA) and it is formed mainlyoim biosynthetic processes
in these animals.

3. Glycogen stored in the liver serves as a resenfmuglucose when the latter
is needed in metabolic processes. The glucosdeaased from glycogen by
enzymatic breakdown of glycogenolysis. The glycogtored are derived
from absorbed glucose or form glucose formed byg@ileogenesis.

The fate of glucose removed from the blood - thegse removed from the

blood into cells and organs may be utilized inftoeing ways:

1. For the biosynthesis of glycogen.

2. For conversion into fat.

3. Conversion into amino acids.

4. It can also be used as a source of energy.
EMBDEM MAYERHOFS GLYCOLYTIC PATHWAY
The major pathway whereby glucose from feed in bwized to give energy has two
stages. The *1 stage is known as GLYCOLYSIS. This can occur undeaerobic
condition and result in the production of pyruvptelivic acid. The metabolism of CHO

is effected with the aid of their phosphate desgat
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Glycolysis is the breaking down of a unit or 1 moleglucose to yield pyruvic acid.
Enzymes is released during the process. It is eegminvolvingPHOSPHORYLATION

REACTION and by the end of the pathway, a six carbon motemduld have been
successfully broken down into 2 moles of 3-carboitsu All the steps of glycolysis are

enzymatically catalysed.

Glycogen is stored in the liver and situation megeathat the glucose that is circulating
in the blood id depleted; for example in athletesaively running animal, the glycogen
can be mobilized to release glucose through thegssoofGL YCONEOLYSIS.

The glucose can also be from the breakdown of lstardhe diet. When glycogen is
broken down, it releases glucoise unit as GLUCOSHHAODSPHATE. Anytime a

carbohydrate is been phosphorylkated, it requiregjla energy constituent called ATP,
the glucose-1-phosphate is converted to glucoseeSghate by enzyme called
phosphogluycomuutase. Most of the reaction areeérsble but the interconversion of
glucose to glucose-6-phosphate and that of mannosenannose-6-phosphate are

reversible.

Glucose-6-phosphate is converted by a reversildp &b fructose-6-phosphate. The
enzyme responsible is phosphohereoisomerate. ttdse is present in the blood,
glucose-6-phosphate is produced directly from &rsetand the enzyme responsible is

fructosekinase.

Fructose-1,6 Biphosphate enzyme is phosphofrudtosese, this then breaks down to
form a 3 carbon unit called Triphosphate. This tieacis catalysed by Triosphosphate-

isomerate.
At this stag, there is a link between carbohydrael fats metabolism because the

dihydroxyl acetone phosphate produced can be clathte produce glycerol which is

important in fat metabolism.
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3-phosphoglyceraldehyde is converted to 1,3 biphoglycerate, this need an energy
compound called NAD (nicotine amine dinucleotide).

The 1,3 biphosphoglyceric acids (PGA) form is cstetl by phosphoglycerate mutase
because the phosphate group changes position faoborc 3 to carbon 2. after this a
water molecule is removed to form a phosphopyradi (end). The double bond so

formed here, is as a result of removal of wateranale, ADP and enzyme.

The next step is a spontaneous reversible reawetfoch form pyruvic acid or (ketone
form) which now goes on to form acetaldehyde. Thel éorm of pyruvic acid is not
stable because of the double-bond position becatists instability, it spontaneously
form keto-pyruvic acid.

Note:

1. The 2 forms of pyruvic acid are (a) Enol form (pwotion of an enol pyruvate)

(b) Ketone
2. The end product of gylcolysis is usually pyruvate.
‘COOH ‘ COOH
C---OH C=0
CH; Ch
Pyruvic acid Ketopyruvic acid

Acetaldehyde goes on to form an ethyl-alcohol bgyere called Alcoholdehydrogenase
because the same enzyme fertilizer forward andviackreaction. Pyruvic acid can go
into lactic acid in the presence of lactic acid ytilbgenases, this reaction occurs in
anaerobic condition where there is no oxygen. Uragnobic condition, pyruvic is
oxidized to CQ and without producing energy.

Note: PPP i.e (Phosphate Pentose Pathway) is an laterpathway to glycolysis and it
takes place in small animals (anaerobic condition).

FUNCTIONS OF METABOLIC PATHWAY

1. Production of fuel and energy
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Conversion of glycogen

Providing/Reducing ion e.g hydrogen ion for synibes fat.

PPP — Phosphate Pentose Pathway (5 carbon sugaateope PPP
environment) provides ribose sugar for synthesRNA and DNA.
Triosphosphate is used for the synthesis of glycero

production of pyruvate/pyruvic acid.

All the intermediate substances in the TCA are dseg@rotein synthesis.

© N o O

A-coA (Acetic-co-enzyme A) is used for the syntsesif fat and also

synthesis of cholesterol for steroids.

GLUCONEOGENESIS

This is defined as the bio-synthesis of LLHfrom 3 carbon and 4 carbon precursors
generally non-carbohydrate in nature (production cafrbohydrate to form non-
carbohydrate). Principal substrate for gluconeo@neare lactate produced from
glycolysis, amino acid and glycerol. Gluoneogerseicurs primarily in the cytosome.
Although some precursor are generalized in mitodhnarwhich must be transported to

the cytosome.

The major gluconeogenic organs in animals is trex hvith kidney cortex contributing in
a minor way. The major fate of glucose formed incghesogeneisis are catabolism by
nervous tissues and utilization by skeletal muscle.

Note: These point that you have energy been used opdtievay or gluconeogenetic
chart is called critical point and they are irrestble point. They are called control point.
Gluconerogenesis (starting from protein, glycelattate until you get to glucose) is a
direct reversal of glycolysis.

Question

Explain in details how an animal can regain itsaadted glucose.

Glycogen is many glucose joined togethewly6 ande. 1-4 reaction.

Gluconeogenesis simply resemble glycolysis and irumeverse, there are important

difference which allow it to run in the directiof glucose synthesis. The reduction from

19



glucose to pyruvate is strongly Excergonic. Coneer®f pyruvate to glucose is made
possible by the fact that 3 reaction of glycolytathway are strongly exergonic and are

irreversible. They are catalysed by the followimgynes;

1. Hexokinase
2. Phospho-fructoskinase.
3. Pyruvate kinase.

In gluconeogenesis, different enzymes are useddit ef these steps, these 3 irreversible
reaction of glycolysis are by-passed by enzymesifpdo gluconeogenesis at energy
cost. The T remaining reaction of gluconeogenesscatalysed by glycolytic enzyme.
The focus of glyconeogenesis is on the 3 reactlmt by-pass the irreversible of
gluconeogenesis.

The process of gluconeogenesis is nheeded in the lichuse it provide the animal with

glucose when it is not supplied in the diet in might quantity. There are certain tissues
which requires a continuous supply of glucose latirake e.g brain, nervous system, red
blood cell (erythrocytes) and the placenta. Apaoif these needs, glucose helps to
maintain the levels of intermediate participatimgthe TCA cycle. Glucose is the only

source of fuel that will supply energy to skeletalscle under anaerobic condition. This
is required in the placenta because it is actitakes up by the foetus. Glucose which is

the precursors of lactase is also useful in teyetion of milk in the mammary gland.

Gluconeogeneisis therefore affect the conversiomari-Ocarbohydrate precursors to
glucose by virtue of these gluconeogenesis act @saaly agent or house for the end
product of metabolism of other tissues from theodldcSome of these metabolites can be
injurious to the body if allowed to accumulate. Hite of gluconeogensis is chiefly liver
and secondly the kidney.

Energy barriers in the glycolytic pathway obstrine direct reversal of the pathway.

1. From pyruvic acid(enol) to 2-phospho-enol pyruwitda
2. From fructose-1-6biphosphate to fructose-6-phosphat
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3. Conversion of glucose-6-phosphate to glucose.
In the first point1-2 things happen in the reaction
a. The conversion of pyruvic to oxalo-acetic catalydsd enzyme pyruvate
carboxyylate in the presence of ATP, biotin and,CO
Pyruvate + HC@ + ATP ——» Oxalo-acetate + ADP + Pi
Pyruvate + HC@ + ATP ———» Oxalo-acetate + ADP + Pi (inorganic) + H
Question: Is biotin a dependent reaction ? Biotin helpsaodport CQ
b. Oxalo acetic is converted to phosphor-enol pyrubgtéhe enzyme phosphor-
enol pyruvate carboxyl kinase.
Second point phosphor-enol pyruvate is convertedfrtmtose-1-6-biphosphate or
biphosphate by glycolytic enzyme acting in reversiace the phoshphofructokinase
reaction of glycolysis is essentially irreversiblied also by pass in gluconeogenesis by a

simple irreversible hydrolytic removal of 1-phostahgroup.

Third point Fructose-6-phosphate undergoes isomugoiz of phosphor-glucoisomeris to
glucose-6-phosphate. This is converted to glucgseeversible action of hexokinase or
glucokinase. Another enzyme specific to gluconeegmy glucose-6-phosphate come
into play instead this by-pass reaction involvesimaple hydrolysis in the presence of

magnesium ion.

Glucose-6-phosphate 68— Glucose + Pi

All the enzymes that are specific for these by-peessction are referred to as key
ENZYMES OF GLUCONEOGENESIS. Their counterpart igcglysis are called KEY
ENZYEMS OF GLYCOLYSIS.

For amino-acid, ¥ deamination occur and after this, the amino asithfpyruvic acid or

other numbers of TCA.
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COOH COOH ‘ COOH ‘ COOH

NH;— C—— H C NH—C— H -Nl;h+ Cc=0
CH, —— > CH; CHs CHs
Alanine Pyruvic acid
CH; CH;
COOH COOH
Glutanic acid a-Ketoglutamic acid

In the case of ruminant, propaonic acid plays aomaple and is converted to

succinylCoA and enters the TCA.
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GLYCOGENESIS
The formation of glycogen occur practically on gvgssue of the body but chiefly in the

liver and muscles. In humans, the liver may conasnmuch as 60% of its weight as

glycogen when analysed shortly after a meal higbairbohydrate. After 12 to 18 hours

of fasting, the liver becomes almost totally degdebf glycogen. Muscle glycogen is

only rearly elevated about 10% and its only deplesggnificantly after prolonged

vigorous exercise.

Muscle glycogen is a readily available source ofohenit for glycolysis in the muscle.

Liver glycogen is largely concerned with experthexo unit for maintenance of blood

glucose practically between meals.

Glycogenesis involves 4 stages/steps:

1.

Phosphorylation of glucose to give glucose-6-phasphby enzyme
glucokinnase.

Glucose-6-phosphate is converted to glucose phtsphg the enzyme
phosphor-glucomutase.

Glucose-1-phosphate react with UTP (Uridine Trigitade) to form UDPG
(Uridine Diphosphate glucose) and the enzyme resptn for its
pyrophosphorylase (PP).

As the UDPG bring glucose unit one after anothes, @ of the glucose join
with the G of the already exisiting molecule. This will canie until time for
branching. The enzyme responsible for this joingmglycogen syntase as
glycogen transference. The body prefers to statt am oligosaccharide. This
is called a Primer. The glycogen primer may in tlo® from a protein
backbone which may be similar to the synthesistbéroglucoprotein when
the chain length is up to 6 molecules, another mezgome intp play, it is
called A BRANCHING ENZYME named AMILO-1-4,1-6-
TRANGLUCOSIDASE. Hydrogen transfers part of 1-4 ichato a
neighbouring clan to form an-1-6chain. Thereby establishing a branched

chain.
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GLYCONEOGENESIS
The importance of glyconeogenesis and gluconeogerseeto maintain a balance in the

glucose content of the blood.

Glycogenelysis is the opposite of glycogensis. Tneakdown of glycogen that is
glycogenelysis is activated by the enzyme phospaseywhich breaks the 1 — 4 linkages.
Each time it breaks the linkages, it yield glucdsphosphate one at a time.
Phosphorylase enters from the free end and avaiiptogen unit and start chopping off
the molecule left on either side of the branch pamo—1-6-glycosidic bond are not
susceptible tlo cleavage by phosphorylase but bedfis a transferase enzyme come to
play such that-1-6 linkage is exposed. The transferase cleaveréh®ining 3 — 4
molecule to reachu-1-6 linkage thereby exposing it to another enzytimee branching

enzyme (anulo-1-6glucosidase) to break it down.

Glucose is transported in the blood as naturalagecnot glucose-1-phosphate, so to
convert this to glucose, first glucose-1-phosphateonverted to glucose-6-phosphate,
the enzyme is phosphor-glucomutase. The glucodse&phate is converted to glucose

by glucose-6-phosphate.

TRICARBOXYLIC ACID CYCYLE (TCA)

The TCA completes the oxidation of glucose to gateeenergy. The first thing that
happen is the conversion of pyruvic acid to ac€wA. It is the CoA that enters the TCA
cycle. The TCA is very important for plants becaitsss a way of metabolizing their
organic acid. It is called the TCA because moshefcompound formed have 3 or more
carboxylic group, also called citric acid cycle aese citric acid is the first tricarboxylic
acid produced in the cycle. The acetic CoA now emsé with oxaloacteic acid to yield

citric acid.
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COOH H COOH

H+ OH CoAsH
Cc=0 +H-C-H CH,
H + OH
CH, CcC=0 COOH Ch
COOH SCoA COOH
Oxaloacetic acid CoA Citric acid

Assignment
Write a short note on the biosynthesis of a nanmath@ acid in the glutamate family
giving the structural formula amylation.

The cirtirc acid losses water to form cis acontiaThe cis alconitic acid add on water
to form isocitric acid. The above two reaction eatalyzed by alconitase. Isocitric acid is
dehydrogenated to yield oxalo succinic acid witle thelp of the enzyme isocitric

dehydrogenase. At this point, 3 moles of ATP isegated.

COOH COOH ‘ COOH
CH; CH; CH;
NA? j2H -CQ ‘
H- C - COOH C-COOH ——— > CH,
< <«
Isocitric acid oxalosucciniL
H- C - OH dehydrogenase C =0 acid dehydrogenaseO C=
COOH COOH COOH
Oxalo succinic acid a Ketoglutaric acid

Afterwards, oxalosuccinic acid is decarboxylatedhytfogenated to formu-keto
glutamic acid. This can be linked to protein metesbo i.e amino acid can be

incorporated to give energy if the need be. Adsketo glutarate can be used to form
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backbone of some amino acid. The reaction is csgdlyby oxalo-succinic acid

carboxylate. The-keto glutaric acid on 0, decarboxylated and dehydrogenated to give

succinic acid.
COOH COOH COOH
CH; CH; CH;
NAD* DH fDP ETP CoASH
CH; CH; CH,
%
CoASH CO, oxalosuccinic
CcC=0 C = O acid dehydrogenase COOH
COOH SCOA Succinate acid
a-Ketoglutaric acid Succinyl CoA

GTP — Guamine triphosphate
GDP — Guamine Diphosphate
The reaction is catalysed ly Ketoglutaric acid dehydrogenase and produces 4 ATP

molecules.
COOH COOH COOH
CH> H-C H + OH HO-C-H
—l =
«— «—
CH, 2H C-H H - C-H
2ATP from FAD |
COOH COOH COOH
Succinic acid Fumaric acid Malate

Fumaric acid is formed by the dehydrogenation atsuc acid with the help of succinic
dehydrogenase. 2 molecules of ATP by another kindigh energy compound FAD
(Flavine Adenine Dinucleotide). Oxidation of enengythrough respiration of FAD. T
produces 2 moles of ATP Fumaric acid add a®Ho form L-malic acid. The enzyme

responsible for this is fumarase.
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ENERGY GENERATION

The total energy generated by 1 mole of pyruvidasi8 ATP. After glycolysis and
TCA, a net total of 38 ATP would have been produdster glycolysis and TCA, a net
total of 38 ATP would have been produced.

Pathway Reaction catalyzed by Method of No of ATP
production
Glycolysis Glyceraldehydes BRespiratory organ 6
phosphodehydrogenas®xidation of
NADH + H*
Phosphoglycerate Oxidation of 2
Kinnase substrate
Pyruvate Kinnase Oxidation at 2
Substrate level
Reaction catalysed hyPhosporylation -1
hexokinase reaction
Phosphofructose Phosphorylation -1
kinnase
Net Total
8 ATP
TCA Pyruvate Respiratory  chain 6
dehydrogenase oxidation of 2
NADH + H
Isocitrate Respiratory  chain 6
dehydrogenase oxidation of 2
NADH + H
A-Ketoglutarate Respiratory  chain 6
dehydrognase oxidation of 2
NADH + H
Succinate thiokinase Oxidation of 2
substrate level GTH
Succinate Respiratory  chain 4
dehydrogenase oxidation of 2
FADH?
Net Total
30 ATP
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LIPIDS METABOLISM
Series of reactions that occurs in the body arkedglathway. They are processes by
which the cell regulates itself, various myriad esfzyme catalyses chemical reactions

that takes place in living cell are referred tovatabolism.

Metabolism therefore is the totality of chemicacton in living matter. Metabolism has
specific functions.
1. Metabolism obtain chemical energy from degradatiddnenergy nutrients

from the environment or from captured solar energy.

2. To convert nutrient molecule into building blockepursors of cell macro-
molecule.
3. To assemble this building block into protein, nixleacid, lipid,

polysaccharides and other cell components.

4. T form and degrade biomolecule required in spemdiinction of cell.
Metabolism consists of 2 major pathways namely:
Catabolic (degradation) pathway
Anabolic (Biosynthesis) pathway
Anabolic takes place in 3 stages beginning with small pmees. Acetyl CoA are built
up with fatty acid which are in turn assembleddonf lipids.
Catabolism is a converging process, since it begins with &mple precursors from

which large varieties are made.

REGULATION OF METABOLIC PATHWAY
The regulation of metabolic pathway is brought d@tiyu3 different types of mechanism;

1. Through the allosteric enzyme
2. By hormonal regulation
3. By concentration of a given enzyme on the cell.
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Lipids

l Stage 1
Glycerol & fatty acid

l

(Glycolysis) Pyruvate Acetyl CoA (TCA) Stage 2
Y
enters the TCA cycle Stage 3

H.,O CQo _

Catabolism of lipids is divided into 3 stages.

In stage 1, hundreds of lipids are brokzen dowa their building blocks which are few
in number. Lipid in most organism are in the forint-acyl glkycerol. The term fat
refers to thius most abundanyt class of lipidsadyi glycerol plays no other role than
energy storage. Most of the energy derived fromctahes from the oxidation of the
constituent fatty acid. The brain is the only tesdbat is unable to use fatty acid as a
significant energy supply. However, under condgiaf starvation and long fasting, the

brain can adjust to use lipid related compounds kétone bodies.

In stage 2, the building block molecules are furtlegraded into a common products

acetyl CoA and pyruvate.

In stage 3, the cell catabolism converge into t8@A Tycle with the formation of 2 major

products water and GO

FAT DIGESTION AND ABSORPTION
The product of fat digestion is a mixture of fresty acids (FFA), mono and diacyl
glycerol. During the absorption through the mucosls, some of these products from

hydrolysis condenses to re-synthesize triacyleaglyic This is known because much of
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the absorbed lipids is in form of triacyl glycemmplexed with protein, sometimes it
can form complexes with cholesterol and sometimasptexes with phospholipids.
When it forms complex with protein, it is calle@dprotein. When it forms complex with

cholesterol, we call it chylolycrons or portomicson

Fats are derived from 2 primary sources in the pody

a. The diet

b. Mobilization of fat stored in the adipocytes.
OVERVIEW OF FAT DIGESTION AND ABSORPTION

N

Stomach

Bile salt

Bladder

Fat transported

through blood t

Lipo protein

Adipose tissue

Muscle
Liver

Heart
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After absorption of lipids, it can be associatethwirotein to form lipoprotein which aid
in the transportation of lipid for energy stora@le lipoprotein are synthesized mainly in
the liver. Lipoprotein are classified accordingheir density into;

1. Chylomicrons

2 Very low lipoprotein

3. High density lipoprotein

4 very high density lipoprotein

MOBILIZATION OF FAT

The release of energy stored is the fat is compatabthe mobilization of carbohydrate
stored in animal glycogen. The steps involved are;

STEP I Activation of adenylate cyclase ephinepherine.

STEP IlI: Active adenylate cyclase in turn activate proteéimase by phosphorylation.
STEP Il : Active protein kinase activate on enzyme calletyl glycerol lipase.

STEP IV: This enzyme catalyses hydrolyte released of fatig from carbon 1 or 3 of
the glycerol.

STEP V: The fatty acid released is followed by the actoéa di and mono acyl glycerol
lipase. These three enzymes degrade the originigicorie to glycerol and 3 un-esterified

fatty acid.

The hormones are mediated by epinepgherine insstiegtion and it is also mediated by

glycogen during fast.
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FATTY ACID OXIDATION OF PALMITOYI CoA

O
||
CH-O-C-R CH.OH
|
O CHOH
|| |
CH-O-C-R CH,OH
Glycerol
O
||
CH,-O-C-R
Tricylglycerol
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O
CHs — (CH)11 —CH ---CH, —-CH—C Acetyl CoA

FAD \SCOA

Dehydrogenatipn

FADH _~0
CHs — (CHb)11 ~CHp —-CH, ~CH—C Enol CoA
NAD scon
Hydration
NADH _~0
CHs — (CHp)11 ~CHp ~--CHy —CH—C 1-2 hydroxyl CoA

\SCOA

Dehydrogenation

O

F
CHz; - (CH)11 —CH, ---C — S ---CoA -- ChH—C 3 Ketoacyl CoA
. scoa
= O
7CH3 ---C
\ SCoA
Acetyl CoA

Palmitoyl CoA+ 7 CoA-SH+7FAD+7NAD+% __, 8 Acetyl CoA +
7FADH; + 7TNADH + & H

Reactions ATP yield
Activation of Palmitoyl CoA -1
Oxidation of 8 Acetyl CoA 8 x 12 96
Oxidation of 7 FADH 7X2 14
Oxidation of 7 NADH 7x3 21

130 ATP
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CHAINS OF KETOGENSIS

Acetyl CoA
O
||
2CH; --- C - S - CoA
||
O O
|| ||
CH3 - C--- CH-C-- S--- CoA
OH O
|| ||
ooC - ChH --- C CH C S CoA
Ch
COZ?/\ \‘
Acetone B hydroxyl butyrate dehydrogenation

B hydroxyl butyrate

When FADH is been dehydrogenated, it will be coteetto flavine adenine dinucleotide
hydrogenase likewise NAD.

NOTE: Acetyl CoA is 8 time because molecule of fats git80 ATP that is why fatty
acid gives a higherenergy than carbohydrate.

Catabolism of fats begins with hydrolysis of trigtycerol to yiled glycerol + 3
molecules of fats comes from fatty acids with 5fglycerol. Most of the fatty acids
arise in the cytoisol, either through biosynthesisthrough triaclglycerol transported
from fats depot outside the cell. There is a foramabf acyl CoA made up of long chain
of fatty acids instead of 2 carbon acetic acidse €hdoplasmic recticulum at the outer

membrance of mitochondria uses this as fuel witheamitochondria, thuis reaction are
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catlysed by carnitine acyl transferase which trarsy within the inner membrane. The
oxidation of fatty acids is a series of steps inohlstep release 2 carboin fragments in
form of acyl CoA the pathway is cyclic which invelv 4 reactions and ends with the
formation of acyl CoA short ended by 2 carbon wwihimdergoes the same process in
the next step.
e.g. Palmitoyl CoA undergoes 7 cycles of oxidatioriorm 8 molecules of acetyl CoA.
Each cycle release 1 -2 carbon unit with 2 el&stro
Oxidation of saturated fatty acyl CoA involves thdowing reactions:

1. dehydrogenation to form Enol CoA

2. Hydration of the double forming 1,3 hydroacyl CoA.

3. Dehydrogenation of the hydroxyl group to form 3dtet CoA

4. Cleavage of the" molecule co-enzyme to release acyl CoA.
KETOGENESIS
Acetyl CoA has 2 metabolic fates;

1. Oxidation to CQ in the TCA cycle

2. Biosynthesis of fatty acid

Another major pathway comes into play in the mitouoliria when acetyl CoA
accumulate beyond its capacity to be oxidized adufor fatty acid synthesis. That

pathway is called ketogenesis and it leads tossa&compoundsalled Keton bodies

BIOENERGETICS

Foods are need for synthesis of products in they.bdtley are needed as source of
energy. Food are involved in the transfer of enesggh as when chemical energy is
converted to mechanical energy of heat heat. Thigyadf a food to supply energy is

therefore of great importance in determining itfritiue value.
Energy is needed for mechanical work (i.e muscatdivities), for chemical works such

as movement of substance against concentratioriegtad synthesis of enzymes and

hormones.
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When the chemical energy of the food is used fosaular and chemical work involved

in body maintenance, the animal does not work ®sutroundings and the energy used is

converted to heat. In fasting animal, the quardgftheat produced is equal to the energy

of the tissues catabolised. Energy supplied byftioel is excess of that needed for

maintenance is used for various forms of productfyoung growing animal will store

energy principally in the protein of its new tissughereas an adult will store relatively

large energy in fat. Whereas a lactating animal tkgnsfer food energy into energy

contained in milk constituent.

TYPES OF ENERGY

1.

Heat Energy: This is the energy produced only to keep the bedym. Its
production is taken into account is measuring ttigciency of body
processes. The basic unit of each energy is c@ldrie (Cal). A calorie is
defined as the amount of heat energy required ise rhg of water from
14.5°C to 15.5C. this is small, hence in practical nutrition agka calorie is
used i.e Cal.

Calorie (Cal) is defined as the amount of heatgnesquired to raise 1 kg of
water by 2C.

Gross Energy:When a substance is completely burnt to its ulttneadidation
product i.e CQ and water and other gases, heat is given off hatlheat is
referred to as Gross energy. The quantity of heatilting from complete
oxidation of a unit weight of food is known as (anergy. Gross Energy
(G.E) is sometime called heat of combustion.

The oxidation of hydrogen and carbon atom is foeads to gross energy.
CH,O have enough oxygen in the molecule to oxidizehymrogen. Hence
the only produced heat is from the oxidation oboar.

In fats, less oxygen in present in the moleculechéreat is produced from the
oxidation of carbon and hydrogen. This gives thasoa why the heat
produced in fat is higher than GBI

In protein, heat is generated also from the conmustf carbon and hydrogen

but the nitrogen that is present in protein gives to no heat at all since it is
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set free as gaseous form. The gross energy values atasses of feed
ingredients is stated below;

CH,O = 4.15Kcal/g

Protein = 5.65Kcal/g

Fat = 9.4 Kcallg

3. Digestible Energy: Apparent digestible energy of a food is the greisergy
content of a weight of the food less the gross gnerontent of faeces
resulting from the consumption of a unit weight tbt food. Apparent
digestible energy is the energy generated fromfdloel minus the energy
generated from the faeces.

4. Metabolisable Energy (M.E): M.E of a food is the digestible energy less the
energy lost in the urine less the energy lost imlwastible gases. Energy in
urine is present in nitrogen containing substasoes as urea, allantoin, critic
acid, hippuris acid, creatinine, glucuronate. Thenbustible gases lost from
rumen consists of methane. Methane production risctlly proportional to
food intake.

At maintenance level of nutrition, 79% of G.E is lost as methane. For
poultry, metaboliusab;le energy is measured edbiy digestible energy.
Why? This is because in poultry the faeces ancewaie mixed together so the

M.E can be easily measured during the process.

VITAMINS

Vitamins are organic molecules that function in @evvariety of capacity within the
animal’s body. The most prominent function is adaiors for enzymatic reactions. The
distinguishable feature of vitamins is that theyhamlly cannot be synthesized by

mammalian cells and therefore must be suppliederdiet.
WATER SOLUBLE VITAMINS

1. Thiamine: It is also known as vitamin/B

Functions
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a. Acts as catalyst in carbohydrate metabolism engbpgruvate to be
metabolized and carbohydrates to release theiggner

b. Also plays an important role in synthesis of nelegulating substances.

Deficiency symptoms

1. Constipation
Suppressed appetite
Mental depression

Peripheral neuropathy and fatigue.

a ~ N

Chromic thiamine deficiency leads to a more sevamirological
symptom e.g mental confusion, lost of eye co-oftina

6. Severe thiamine deficiency is known as beriberi.

Sources

1. Brewers yeast

2. Eggs

3. Leafy green vegetables

4. Whole or enrich cereals, wheat, nuts and legumes.

NOTE: Milling of cereals removes these portion of theign rich in

thiamine.

Riboflavin: Vitamin B, it serves as a co-enzyme i.e one that combine avith
portion of another enzyme to be effective in theabelism of carbohydrates,
fats and especially respiratory protein. It alsoveg in the maintenance of
mucus membrane.

Deficiency symptoms

1. Photophbia

2. Angular stomachtitocs

Sources

1. Eggs

2. Milk

3. Meat
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4. Cereals

Niacin: Also known as vitamin Bor nicotin amide.

Functions

1. Required for the synthesis of active form of vitamiB NAD
(Nicotinamide adenine dinucleotide phosphate). BdthD and NADP
functions as co-factor for numerous dehydrogenasamples include
lactose maltose dehydrgenase, succinyl CoA dehgeérpase).

Deficiency Symptoms

Dermatitis

Weight loss

Diarrhoea

Depression

a rc 0 DdPE

Demantia
Sources

Liver

Poultry

Meat

Salmon

Whole grain
Enriched cereal

Dried beans

© N o 00 bk~ wDd P

Pea nuts

Panthotenic Acid: Also known as Vitamin B

Function

For the synthesis of co-enzyme A and is a compatitide acyl carrier protein
(ACP) domain of fatty acid synthase. Panthotenithéefore required for the
metabolism of carbohydrates via the TCA cycle dhthts and proteins.
Sources

1. Whole grain cereals

2. meat

3. Legumes
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Pyridoxine, Pyridoxia, pyrisoxomine are collectively known as vitamingB

all the 3 compounds are converted to the biologactive form of vitamin B

called pyridoxial phosphate. This conversion islyesed by the ATP requiring

enzyme called Pyridoxial kinase.

Functions

1. Pyridoxial phosphate functions as a co-factor irzyeme involved in
transamination reaction required for the synthesid catabolism of the
amino acids.

2. It also function in glycogeneolysis as a co-factmr glycogen
phosphorylase.

Deficiency of vitamin B are rare and usually related to verall deficieotthe

B-complex vitamins.

Biotin

Function

It functions as a co-factor required of enzyme the in carboxylation

reaction e.g acetyl CoA carboxylase and

Deficiency of the vitamins are very rare. Defiwyg are generally seen after a

long antibodies therapy which depleted the intestimuna or following

excessive consumption of raw eggs. The lattervsmgio the affinity of the

egg white protein (abiding) for biotin preventingtastinal absorption of

biotin.

Source

Biotin is found in numerous food and synthesizednbgstinal bacteria.

Cobalamin: is more commonly known as vitaminB

Functions

1. As a co-factor

2. During the catabolism of fatty acid with an oddafacarbon atom and the
amino acid; valine, iso-leucine and threomine,rdsltant propanyl CoA
is converted to succinyl CoA for oxidation in th€A cycle. One of the
enzyme on this pathway methyl smalonyl CoA mutasgiire vitamin B,

as a co-factor in the conversion of methy} ® succinyl CoA.
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Deficiency

Severe or alteration in the normal architecturmefmbrane of nerve cell.

Sources

Exclusively vitamin Bzis synthesized by micro-organism found in the lioer

animal

Folic Acid

Function

Helps to remove some of the glutamate residue girdlie action of lysosome

enzyme.

Sources

Obtained primarily from yeast and leafy vegetables

Deficiency

Results are complications nearly identical to thasscribed from vitamin B.

Ascorbic Acid

Functions

a. In the formation and maintenance of collagen. @gliais the protein that
supports the body structure and plays a majorinailee formation of bone
and teeth.

b. It enhances the absorption of iron (Fe) from fobdegetable origin.

Deficiency

Scurvy: These symptoms are due to loss of comngeration of collagen

and it includes losing of teeth and cellular changad long bine of young

animals.

Sources

Citrus fruits

Fresh straw berries

Pineapple

Tomatoes

Green pepper

Cabbage

N o o b~ Db RE

Spinach.
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NUTRIENT REQUIREMENTS FOR MAINTANANCE AND PRODUCTIO N
For a given no of animal species, the G | T vergdly determines the types of food that
will be nutritionally adequate, consequently, theiah species with the relatively short
intestinal tract would require food that is higkligestible in the same way, ruminants are
better adapted to utilizing foods or feeds of lowegestibility than poultry this is an
account of the extensive g.i.t which facilitate thierobial degradation of dietary fiber.
There are also some animal special like the horsiEhwmay neither be considered
ruminant or monogastric, they do, however, haveresive caecum wherein considerable
fibre degradation occurs. Carnivorous animals hawvelatively short alimentary canal
while herbivores have an extensive g.i.t.
The relationship of the length of body to the digestract for wide range of animal
usually provides a useful guide in the dietary folation. Such a relationship length to
length is about 1:4 for cat and chicken, 1:6 foggl@:27 for sheep and goat and 1:14 for
swine. It follows therefore that the type of foodshuseful for chicken closely resembles
those for cat and dog rather than for cattle amegh
The absence of lips and teeth both which, are cedldy horny-mandible. The tongue in
the chicken and turkeys is shaped like the barboérash arrow with the point directed in
such a way as will help the movement into the okagps. Salivary glands secret mucus
saliva which lubricates the feed as it passes tiooesoghagus. The crop is a pouch
which forms an enlarge specialized area of the miesgus, little digestion takes place in
the crop as it’s function is largely that of stazagosterior to the crop is an acid secretory
section of the g.i.t of the bird called the PROVBNTULUS; it is similar to the stomach
of such animals as pigs, dogs and cat. The stomaahlly opens up into the small
intestine (SI) but in the chicken the proventriaulaads into the gizzard which in turn
opens into the duodenum. Hcl and pepsin which leaddigestion of protein are secreted
by the wall of proventriculus. No rennin secret@tts no milk is produced by the bird.
Food usually spends a short time in the proveritrecbhence little digestion takes place in
the proventriculus. Lying between the proventrisudind the duodenum is an oval shaped
organ the GIZZARDS; it comprises two pairs of remverful organ, covered internally
with a thick horny epithelium. The chief functioh e organ is to grind coarse food

particle. The process of grinding is aided by thgested grit or gravel. With properly
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ground ration the role of gizzard is diminishinginhediately after the gizzard, the small
intestine is folded into a loop called the duoderamd in between the duodenal loop we
have the pancreas supplied with numerous ductshwieiad into the duodenum. The
pancreatic juice is slightly alkaline and neutradizacid secreted by the proventriculus.
The pancreatic secretion contains enzymes whichohye protein, CHO, and fats. The
bile is a pigment secreted by the liver and itnpaortant for proper absorption of fat in
the small intestine. The bile is conveyed to thedoend of the duodenum via the duct.
The duct from the right loop of the liver is enladgto form the gall-bladder in which bile
is stored and concentrated. The elaboration of thiile is triggered off by the presence
of food in the S.I. The S.I consists of 2 distipetrts i.e. the duodenum and lower
intestines. The enzymes of lower small intestinegletes the digestion process started
or initiated by the pancreatic enzymes. Here thatipes are broken down into amino
acid, fats to glyceride and fatty-acid, disacchesithto simple sugar.

Since there is no specialized area in the g.ithefchicken for bacteria to aid the break-
down of food stuffs only feed materials which candigested by enzyme secreted by the
chicken are useful as food for the chicken.

The epithelial lining of the S.I. has a tremendsusface area, which makes rapid
absorption of nutriment possible. The chicken cayest and absorb a full meal in 3
hours. The caecum (@) is represented by 2 blinahesigiving off from either sides of
the junction between the lower intestine and largestine It is about a few “cm” in
length usually filled with faecal matter. With higtdigestible ration the caecum has little
functions in digestion, however, in adult birds feahly with fibrous ration, some
digestion of fibre may occur in the caecum due torobial action. Since this microbial
fermentation takes place at sites posterior to the

absorption area of g.i.t, the significant of skarain volatile fatty acid so produced is still
guestionable. Large intestine in the avian speciesually short and consists of a short
rectum which leads to the cloaca (which is chamtnmon to digestion, urinary,
reproductive which opens external through a vemwt e urinary is discharged in this

chamber and excreted with faeces.

THE RUMINANT GIT &PHYSIOLOGY OF RUMINATION
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The ruminant animals such as the sheep, goat atid aee characterized by possession
of complex digestive tract being an anatomicalpsatzon to their dietary habit. The
ruminant animals handle a considerable amount gédtiive fibre and therefore require
considerable and prolong physiological processe®réebeing broken down into
utilizable form.

The various compartments of the ruminant stomaeh ar

I Rumen — 1st or fore- stomach.

li  Reticulum

lii  Omasum

v Abomasum

The rumen and the reticulum are contiguous and éhenonmunicate freely with each
other. The rumen represents the most extensiveopat the ruminant stomach and it is
endowed with numerous muscular folds which aids rhiging up of ingested food
substances. The reticulo-rumen serves as the lirét@age units where the food
substances are initially reduced in size by vardigsstive processes.

The reticulum and omasum communicate by means tafule-masal orifice. In the
young ruminant animal, there is a development ofeaophageal tube or grove that
enables the liquid diet of the young animal to exleectly into the abomasum without
passing through the reticulo-rumen. A rather ovglaa which lies to the right of the
reticulum is the omasum, which is filled with a oiolaminae (finger- like processes), the
omasum is linked with the abomasum by means ofoaegrcalled sulcus-omasi. The
abomasum or true stomach is analogous in no okcedp the small stomach of the
cannibals.

The abomasum is linked with duodenum by the pylotushust be emphasized that a
matured rumen is richly supplied by a no of tongike-projection called papillae which
give the rumen its fur-like appearance. The Sthefruminant animals is similar to that
of the monogastric animal and terminates at its-tl@aecal junction. The caecum a blind
sac-like out- grow of the large intestine wheresome food may first enter for some

degrees of digestion although the actual functsostill largely speculative.
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RUMINATION

In the ruminant animal both the rumen & the reticnlserve as fermentation vat while
both omasum & abomasum serve to prepare food firigaligestion by enhancing the
removal of excess water and facilitating the norraeid-enzymes digestion in the
glandular stomach. The rumen harbors millions afraibrganisms whose functions are
not only to break down cellulose into digestibldypsaccharide but also synthesize a
host of other chemmical substances which will seaseuminant food. The chief product
of ruminal fermentation are the short chained fattids which include acetic acid 60%,
prop ionic acid 20%, butyric acid < 20% and othsrsh as methane. These short chained
fatty acids are usually absorbed through the rumivedl. These volatile fatty acids
provide energy sources and may also be synthesitedatty acid and ketene bodies.
Propionic acid is of great importance in ruminantrition because it's configurations
CH3CH,C=0 makes it highly glucogenic within the liver lcahd thus provide about 50%
of the glucose that enters the ruminant metabgbtesn. Butyric acid or butyrase may be
glucogenic as wall as ketogenic and thereforedssful nutritional as propionic acid.

The cow and most other ruminants are endowed Wihability to synthesize protein
from fatty acid owing chiefly to symbiotic actiws of the ruminal micro-organisms; this
represents a marked contrast to the metabolisnormminant mammals that lack such
specialization. It must be emphasized that thetgltd effectively utilize dietary fibre is
not to be found in the ruminal animal at birth tleugoung calf feeding on the mother’s
milk metabolizes in much the same way as monadgamtimal until it is about 4 months
when the rumen would have sufficiently developedagsumes its full nutritional
responsibilities. Although several advantages actouthe ruminant digestive system as
far as food is concerned, the process of fermamtagenerates so much gas which needs
to be eliminated through belching. Any interferendgéh the mechanism of elimination
of gas in the rumen produces a spectacular syndoatied BLOAT and it is a disease
condition usually associated with cattle grassindush legume pastures. Another defect
of ruminant metabolism is the formation of ketothesly which is a specific disease of
ruminant. Ketosis is believe to be a caused by liwability to detoxify or metabolize
short chain fatty acids in the blood stream duentyease stress brought about by

lactation and pregnancy.
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NUTRIENTS FOR BODY MAINTENANCE AND PRODUCTION.

Nutrients for Maintenance

Maintenance can be defined as that state in whiehetis neither gain nor loss of a
nutrient by the body. Maintenance requirementseatenates of the amounts of nutrients
needed to achieve such equilibrium states. Whetheanimal is being fed for growth,

fattening, milk secretion etc, a substantial pdrit® food is used for supporting body

processes which must go on.

Maintenance Requirement

The term requirement implies the minimum amountaofjiven nutrient needed to
promote a given body function to the optimum iregf@ctly balanced ration.

Note — such a minimum value will not be the samaafoy two individual.

Energy requirement for maintenance.
The energy required for maintenance is the mininaumount needed to keep the animal
in energy equilibrium i.e. to prevent any loss fristissue.
Therefore, an intake sufficient to offset the lospresented or cause by the fasting
metabolism would be the requirement for any givemnals. It is usually expressed as
Net Energy. The maintenance energy consists oft.pa
1. The basal metabolism — which is definea atate of minimum energy

expenditure by the animal in the post absorptiveddmn. The basal

metabolic rate (BMR) is a direct and constant fiomcof the metabolic

size of the animal.

BMR 2*"= 70 (W kg”"® Kcal.

2. Metabolizable Energy — This is used faimtenance or sustenance of
certain unavoidable activities by the animals #ratnot using energy for
work or production of any tissue or product. Witlst animal including

human, basal metabolic rate represent 75% of Mi @ maintenance.
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Maintenance energy requirement can be computedvam&eased by 1/3 .
;. BM =1.33 (70) W kg Kcal.

Protein requirement for maintenance

The absorbed protein required for maintenance needg make good the endogenous
urinary losses and the metabolic faecal lossesl@ntito the digestion of the ration in
guestion and also provide ftadult growth” - this refers to the growth and renewal of
hair, nails, feathers etc, a process which consintheoughout life. Generally speaking,
the amount of protein required for adult growthvesy small compare to the over all
need.

Theoretically, the minimum required for absorbedtg@in might be met by supplying the

amounts needed for the above mentioned functioas imtherwise adequate diet.

Mineral and vitamins needs for maintenance

Many of the mineral elements undergo active metaivoin connection with various
processes which are essential for the normal fonictg of the body on maintenance.
Different from the energy and protein metabolisheyt are not necessarily used up and
excreted in the process. For example, the Iron @lepsed from the constant breakdown
of red cells is re-utilized for haemoglobin synikealso chlorine (Cl) which is secreted
in the gastric juice to provide for digestion carbabsorbed from the digestive tract and

reutilized.

PROTEIN AND ENERGY REQUIREMENTS FOR GROWTH

The total requirement for a given nutrient durimgvgth must include the amount needed
for in maintenance as well as the amount requimedttie new tissue formed of the
various nutrient needs for growth. The requirenfentenergy is by far the largest and
primarily governs the total food allowance. The mb@nhance component of the total

energy requirement during growth increases regulaith body size, but the additional
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demand for the growth itself varies with the rabel avith the composition of the tissue
formed. Per unit of body weight, the amount of ggaepresented by the growth tissue
formed decreases with age, but the amount of engxge per unit of body increases
becomes larger with age. Also, the energy requingper unit of body gain increases in
accordance with its fat contents.

Tissue growth in young animal is largely protein nature hence protein ration of
growing animals. The protein content of the ratodra growing animal will be affected

by the size of the animals and by the rate at whielw protein tissues are being
synthesized. It has been established that the wrard protein requirement being a
definite relation to each other for adult animalarsituation which could be true for

growing animals. It has been established that atsiplogically equivalent age the

requirement for protein, Ca, S, P are similar farious specie if expressed as % of TDN.
By expressing the digestible protein as % of theNTEequirement, a generalized

recommendation for protein applicable to most spetianimal could be arrived at.

Mineral/vitamin requirement for growth

They are organic compound not synthesized by ttay lamd needed in the smallest
amount in the diet. There are no of major stru¢tcoanponent of the body which they
most commonly function as co-enzymes or regulatibmetabolism. Birds for example
have an absolute requirement for about 13 vitantims, includes fat soluble vitamin
A,D,E K, water soluble vitamins such as thiaminkoflavin, choline, vitamin B6, B12
etc. More is known about the vitamin requirememtdimwth than for other phases of the
life cycle. This is because deficiencies are maegudent or pronounced in rapidly
growing animals. According to Guilbeet al. (1940) vitamin A requirement for growth
and freedom from night blindness is proportionabtmly weight rather than metabolic
size. Vitamin D plays a critical role in normalr® growth and development. Most
animals that have access to sunlight daily do meedna dietary supply of vitamin D,
because of the activation of vitamin precursorgheskin by ultra violet light. Vitamin E

is a dietary essential for young nursing lambs caldes.
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PROTEIN REQUIREMENT FOR LACTATION

It is somewhere more easily computed than thatr@ivth because lactation represent a
direct loss of protein to the body which needs @ordplaced and the extent of this loss
can be computed in a relatively straight forwardnex .

There is ample indication that animals can adjustiselves to lactation over a relatively
long period with ranges of protein intake. It idié&eed that if enough protein is added to
the maintenance requirement to replace that losketdody in the milk produced plus

about 25%, the minimum requirement for lactatiorulddhave been met.

Requirement for minerals (poultry production)
The mineral elements for poultry are Ca, P, NaVig, Cl, I, Fe, Mn, Mb, Co, Zn. Ca, P,

Na, K, Mg, & CI are usually designated as majonaat since they must be present in
relatively large amount of the diet. Ca can beai% of the diet for growing chicks or
over 3% or layers. Mg could be up to 0.03-0.05%dwft. Although, the remaining
minerals are required in diet in trace amount, ustrbe emphasized that their deficiency

could just be as detrimental to the animal as #fieigncy of the major ones.

Requirement for Ca,P,& Mg

The 3 elements are important in bone formatiorhay aire important bone constituents.
The Ash or bone contains-25% Ca

-12% P

-0.5% Mg.
Insufficiency of these elements or mineral coulsutein poor bone mineralization and
general condition of rickets. The major mineral degk in the diet of a laying hen is
calcium for every larger egg the hen lays it must¢ about 2g calcium for egg shell
formation. A hen that lays 250 eggs per year foangxe deposits about 500grams
calcium in the egg primarily as CaCo3.This amowpgresents about 1,300grams
CaCo3 deposit in the egg annually per hen. Ca tiefiiwgiently utilized in laying hens
and probably only about 50-60% of the Ca consummedttually absorbed and retained
and deposited in the egg. To produce egg shellinstjuthus, hens have to consume
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2,600 grams CaCo3 during the laying year an amoomsiderably in excess of the body
weight.

The magnitude of Ca metabolism in the laying hecoissiderably greater than any other
specie of farm animals. Eggs quality charactesstce largely influenced by dietary
calcium level. Eggs laid at the end of the productiend to have thinning shell than
those laid at the beginning of the production year

High temperature causes the deposition of thinggrshell but the most important cause
of thin egg shell is Ca deficiency.

Feed consumption is also important in determiniag€juirement when expressed as %
of the diet. For old layer in hot weather 4- 4.5% i€ recommended for good egg shell
quality. In addition to their structural roles, @ad P have other functions in the animal
body. For example P is essential for energy meistbads it is constituent of nucleic acid
and plays major roles in several enzymic systemasis@lso important in blood clotting
and muscles contraction. Much of the Mg is foundhie bone and it is also an important
activates of a number of enzymes involved in enengyabolism

Inter-relationship between Ca and P-:

Chicks are especially sensitive to imbalances an I ratio. In any ration it should be
1.5:1- 2:1.

1. An imbalance could result in poor utilizationeather Ca or P.

2 Vitamin D must be present in adequate amount ferptitoper utilization of dietary Ca
and P.

Requirement for Na, CI, K

Na, Cl, and K are principally in-organic ion of hoéluid. Na is found in the extra-
cellular fluid while K occurs mainly in the inteeltular fluid. These mineral are
important in the maintenance of acid- base fluidubee in the body tissue.

Clis an important component of HCL found in theyantriculus.

Deficiency of any of these, result in poor grondehydration or death while excess may

result in excessive retention of body fluid.

Trace minerals
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Generally the trace minerals are component or @ctig of a series of enzymes system
found in the animal body. Examples are Cu, Zn, e, etc. Fe is an important
constituent of blood in form of haemoglobin. Italso present in muscles as Myoglobin

and also in cytochrome system.

ENERGY AND PROTEIN REQUIREMENT FOR REPRODUCTION

The energy requirement for production consistshef énergy stored in the new tissue
formed plus the energy expended in the procegstdctice, most pregnant animals must
be given a sufficient energy allowance to enabdertiyain some weight during the period
as a whole with special attention given to the tpsirters when the specific needs are
substantial.

Low protein diet has been shown to cause a cessatiestrus and that, if fertilization
occurs, fetal resorptions or the birth of prematutead or weak offspring results,
therefore, quality as well as the quantity of pirotes important. Rations that are
adequate in protein for maintenance and for grosiiould be adequate also for
conception and the initiation of fetal growth. Sin¢he products of a conception arises
largely of protein, it is evident that there isiaoreased need as fetal growth proceeds. It
has been shown that pregnancy in sow and cow isesagaie need for protein much more

than for energy.
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