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6.   Course Objectives 

List of Topics

Part 1: Principles of Animal Nutrition
• 1.1 The Animal and its Food
• 1.2 Comparison of the Digestive Systems in Farm Animals and their practical implications in the feeding of Animals and 

the Balancing of Rations
• 1.3 What is a Feed?
• 1.4 Components of Feeds/ Feed Nutrients
• 1.4.1  Lipids/Fats
• 1.4.2 Carbohydrates [Soluble (Sugars), Starches, Structural (Fibre)]
• 1.4.3 Proteins
• 1.4.3.1  Animal Acids
• 1.4.3.2  True Proteins
• 1.4.3.3  Non Protein Nitrogen
• 1.4.4 Vitamins
• 1.4.4.1 Fat Soluble Vitamins
• 1.4.4.2 Water Soluble Vitamins
• 1.4.5 Minerals
• 1.4.5.1 Macro Minerals
• 1.4.5.2 Micro Minerals
• 1.4.6 Water
• 1.5 Classification of Feeds and Feedstuffs with particular reference to the Caribbean Region
• 1.6 Feed Additives
• 1.5 Classification of Feeds and Feedstuffs with particular reference to the Caribbean Region
• 1.6 Feed Additives
• 1.6.1 Probiotics
• 1.6.2 Essential Amino Acids
• 1.7 Ideal Protein Concept
• 1.8 Anti Nutritional Factors
• 1.9 What is a Ration?
• 1.10 Evaluation of Foods and Feeds:
• 1.10.1 Chemical Composition
• 1.10.2 Digestibility
• 1.10.3 Energy Content
• 1.10.4 Partitioning of Feed Energy within the Animal
• 1.10.5 Systems of expressing the Energy Value of Feeds
• 1.10.6 Feed Protein
• 1.11 Feed Intake
• 1.11.1 As Fed
• 1.11.2 Dry Matter
• 1.11.3 Voluntary Feed Intake
• 1.12 Feeding Standards
• 1.13 Ration Formulation
• 1.12.1 Monogastrics
• 1.12.2 Ruminants
• 1.14 Feed Conversion Ratio 
• 1.15 Feed Conversion Efficiency
• 1.16 Economics of Feeding Animals



The role of Animal Nutrition in Veterinary 

Medicine 

• Factor affecting animal production

• Deficiencies, disorders and diseases

• Feeding management

• Public health concerns



The role of Animal Nutrition in Veterinary 

Medicine 

• Factors affecting Animal Production

– Genetics and Breeding

– Housing and the environment

– Nutrition and feeding– Nutrition and feeding

– Health and disease

– Socioeconomics



1.3 What is a feed ?



Feed

• Feeds are naturally occurring 
ingredients/materials fed to animals for 
the purpose of sustaining them.

• Feedstuff – any product, of natural or • Feedstuff – any product, of natural or 
artificial origin, that has nutritional 
value in the ration when properly 
prepared

• Additives: nutritive/non-nutritive



Components of Foods/Animal Feed Ingredients 
(of plant and animal origin)

http://www12.brinkster.com/ostasp/courses2.aspx



1.4 Components of 
Feed/Nutrients



What are Nutrients?

• A nutrient is any food constituent 
that functions in support of life.
- maintenance & production, 

reproductionreproduction
- structural/cellular components
- regulation of body processes and 

accessory functions: growth, 
reproduction, lactation etc.



Nutrition

• the various chemical and physiological 
reactions which change feed elements in 
body elements

• the process by which living organisms • the process by which living organisms 
obtain food and use it for growth, 
metabolism, and repair. The stages of 
nutrition include ingestion, digestion, 
absorption, transport, assimilation, and 
excretion.



Classes of Nutrients

• WATER

• CARBOHYDRATES
• FATS
• PROTEINS• PROTEINS
• MINERALS
• VITAMINS



Nutrition – what concerns us ?

• Function of nutrients (biochemistry)
• water
• carbohydrates
• lipids
• proteins
• minerals• minerals
• Vitamins

• sources
• digestion
• processing/usage (physiology)
• pathologies 



A central theme

–Genetics and Breeding

–Nutrition and feeding

–Health and disease

–Housing and the environment

Biological 

–Housing and the environment

–Socioeconomics

http://www.exponent.com/files/Uploads/Images/epidemiology/meat.jpg; http://images.wisegeek.com/milk-in-bottle-and-glass.jpg; http://www.apronstringsstore.com/PDGImages/Eggs.jpg

http://cdn2.bigcommerce.com/server2200/07743/products/4407/images/8845/587034096_o__63090.1342257150.1280.1280.jpg

http://0.tqn.com/d/chemistry/1/0/G/e/1/thanksgiving-turkey.jpg

http://images4.fanpop.com/image/photos/24100000/southern-fried-chicken-legs-meat-24188164-2560-1706.jpg

http://www.rkmp.co.in/sites/default/files/eis_states/A%2043_0.jpg

http://static8.depositphotos.com/1292351/805/v/950/depositphotos_8055095-Cartoon-set-of-farm-animals.jpg

http://www.google.tt/imgres?q=farm+animals&start=319&um=1&hl=en&sa=N&tbo=d&biw=1415&bih=585&tbm=isch&tbnid=D0ib4xrsGhqVXM:&imgrefurl=http://scary-pictures.feedio.net/farm-animals-for-coloring-book-stock-vector-clipart-farm-

animals/watermarked.cutcaster.com*cutcaster-vector-100930307-farm-animals-for-coloring-book.jpg/&docid=GtywJFz03HYreM&imgurl=http://www.coloring-on-

line.com/image/photo1/coloring,farm,animals,horse,cow.gif&w=550&h=550&ei=6AkEUdOODYLg8AT72YCQDQ&zoom=1&iact=hc&vpx=657&vpy=226&dur=6689&hovh=224&hovw=224&tx=132&ty=78&sig=116772618370316072904&page=11&tbnh=149&tbnw=149&ndsp=35&ved

=1t:429,r:50,s:300,i:154



Water



Water

• a solvent – for transport of other nutrients 
and waste products through the body

• temperature regulation; high latent heat of 
evaporation

• gives body shape or form• gives body shape or form

• biochemical reactions

• factors affect water intake??



• embryo-90%; newborn-70% and adult-50% 

• newborn:750 - 800 g water/kg body wt. 

• adult: 500 g water/kg body wt.

• vital to the life of an organism and the water 
level in the body must be maintained.

Water

level in the body must be maintained.

• clean fresh water is essential for all animals



• the animal obtains its water from three (3) 
sources:

- drinking

- food

- metabolic water (metabolism: oxidation of 

Water - Sources

- metabolic water (metabolism: oxidation of 
hydrogen-containing organic nutrients).

• content in food: 60 g/kg in fresh material 
concentrates to > 900 g/kg in some root 
crops.

• Animals normally drink what they require.



Carbohydrates



Carbohydrates -
classification

http://www.fao.org/docrep/field/003/ab470e/AB470E04.htm



Carbohydrates - classification

• Monosaccharides – simple sugars
glucose, fructose & galactose

• Oligosaccarides
Disaccharides - sucrose, maltose & lactose

• Polysaccharides - starch, glycogen, • Polysaccharides - starch, glycogen, 
hemicellulose & sellulose

• Complex – attached to protein, lipids, rings,
purines and pyrimidines



Carbohydrates - structure
• Isomers – same chemical formulas but 
different structures
• Epimers – carbohydrate isomers that 
differ in configuration around only one 
specific C atom

• Enantiomers – pairs of structures 
that are mirror images of one another

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA



Carbohydrates - cyclization

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA

Anomers

cellulose glycogen



Carbohydrates – glycosidic bonds

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA

Catalysed by glucosyltransferases



• Lactose: galactose + glucose

• Sucrose: fructose + glucose

• Maltose: glucose + glucose

• Polymers of glucose:

Carbohydrates

• Polymers of glucose:

– glycogen

– starch

– cellulose: β(1�4 ) glycosidic bonds





Carbohydrates - Sources

Ensminger ME, Oldfield JE, Heinemann WW. 1990. Feeds and 

Nutrition. The Ensminger Publ. Com. CA, US



Carbohydrates

photosynthesis

6CO2 + 6H2O + EnergyEnergy ���� CC66HH1212OO66 + 6O2

CC66HH1212OO66 + 6O2 ���� 6CO2 + 6H2O + EnergyEnergy

respiration



Carbohydrates – energy production

Ensminger ME, Oldfield JE, Heinemann WW. 1990. Feeds and 

Nutrition. The Ensminger Publ. Com. CA, US



Carbohydrates -
Sources

Ensminger ME, Oldfield JE, Heinemann WW. 1990. Feeds and 

Nutrition. The Ensminger Publ. Com. CA, US



Proteins



Proteins - biological role

Structure: Membranes, muscle, connective tissues, organs 

Enzymes: catalyses numerous reactions

Hormones: regulate metabolic processes

Transport: carriers for various substancesTransport: carriers for various substances

Receptors and transmission: transmission of compound 
across membranes; transductions of signals intracellularly

Storage: in different tissues

Buffers: maintains cellular pH



Proteins

• long chain of amino acids
• average 16% N (100/16 = 6.25)
• >300 amino acids described in nature; only 20 
found in mammalian proteins; these are coded 
for by DNAfor by DNA

• plants synthesize amino acids
• rumen microorganisms can synthesize amino 
acids and protein



The genetic code has 61 amino acid coding 

nucleotide triplets and three stop codons 
(Barnum SR, 2005)

Biological information flow (serc.carleton.edu )



αααα-amino acids

Each amino acid consists of:
An chiral carbon atom (α-carbon)
An amino group  (-NH2)
A carboxyl group (-COOH)

The α-carbon atom is attached to four different 
chemical groups; it is a chiral or optically active carbon 
atom

A carboxyl group (-COOH)
A distinctive side chain (R group)

Cαααα

COOH

R

H+H3H



Stereoisomers
α-amino acids can exist in the D or L form; mirror 
images of each other

All amino acids in proteins are of the L-configuration

D and L forms of alanine are mirror images

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA



Basic 
- side chain is 
protonated and 

Non polar side chains

20 standard amino acids              

Acidic 
- side chain 
dissociates to         
–COO at pH 7.4

protonated and 
generally has a 
+ve charge at pH 
7.4 

Adapted from :Nelson DL and Cox MM. 
2008.Lehninger Principles of Biochemistry. Worth 

Publishers, NY, USA)



Charge properties of amino acids

-NH behaves 
- COOH 

-NH2 behaves 
as a base  

- COOH 
behaves as a 
proton donor

The amphoteric
nature of amino 
acids; dipolar or 
Zwitterion

Isoelectric pH, where 
the net charge is 

zero  

(Nayak S, 2010)



The Peptide Bond

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA



Primary structure: the sequence of the amino acids in a 
polypeptide chain

Secondary structure: the folding of short (3- to 30-
residue), contiguous segments of polypeptide into 
geometrically ordered units

The four orders of 
protein structure

Tertiary structure: the three-dimensional assembly of 
secondary structural units to form larger functional units
such as the mature polypeptide and its component domains

Quaternary structure: the number and types of 
polypeptide units of oligomeric proteins and their spatial 
arrangement.



Secondary structure

A ββββ-pleated sheet 

An αααα-helix

Smith C, Marks AD, Lieberman M. 2005. Marks Basic 
Medical Biochemistry, A clinical Approach. LW&W, USA



The four orders of 
protein structure

Primary Secondary Tertiary Quaternary

Levels of structure in proteins

Adapted from :Nelson DL and Cox MM. 2008.Lehninger 
Principles of Biochemistry. Worth Publishers, NY, USA)



Peptides

Tripeptide:
Glutathione – glutamic acid, 
cysteine and glycine; in RBCs; 
redox reactions, decopmposed 
H2O2 and maintains cells 
integrity; keeps hemoglobin in 
a reduced state
Thyrotropin – a hypothalamic 

Dipeptide:
Anserine - found in skeletal 
muscle; activates myosin 
ATPase activity
Aspartame –
L-aspartylphenylalanyl methyl 
ester; artificial sweetener, 
Nutra Sweet Thyrotropin – a hypothalamic 

hormone

ester; artificial sweetener, 
Nutra Sweet

Pentapeptide:
Enkephalins – a hypothamic 
hormone

Nonapeptides:
Oxytocin and vasopressin



Forces controlling protein structure 

Hydrogen bonding: within polypeptide chains and with the 
surrounding medium

Hydrophobic : hydrophobic R-groups drive their amino 
acids into the interior of protein; this restricts the 
available conformations into which a protein may fold

Electrostatic : Charge-charge (oppositely charged R-Electrostatic : Charge-charge (oppositely charged R-
groups), charge-dipole (ionised R-groups and water), and 
dipole-dipole (between polar R-groups); 

Van der Waals : attraction or repulsion between 
uncharged non-bonded atoms; 

Disulphide bridges : oxidation of two cysteine residues            
(-S-S-); strong high energy covalent bonds



Classification of proteins

Based on solubility Based on composition

•••• Simple

•••• Conjugated proteins

•••• Derived proteins

(Nayak S, 2010)

Based on shape

•••• Gobular (compactly folded 
and coiled)
•••• Fibrous (elongated)
•••• DNA-binding
•••• Transmembrane



Nonessential Essential

Alanine Arginine* 

Asparagine Histidine

Essential and Nonessential Amino Acids

Our cells can 

synthesize 

them 

Our cells 

cannot 

synthesize 

them 

Aspartate Isoleucine

Cysteine Leucine

Glutamate Lysine 

Glutamine Methionine* 

Glycine Phenylalanine* 
(Nayak S, 2010)



Proteins-
Sources



Lipids



Lipids

• Biomolecules
• Amphipathic (polar and nonpolar)
• Low solubility in water; high solubility on non 
polar solvents

• highly reduced forms of carbon; yield large 
amount of energy upon oxidation in amount of energy upon oxidation in 
metabolism;

Lipids are fatty acids and their derivatives,
and substances related biosynthetically or
functionally to these compounds.
(http://lipidlibrary.aocs.org/index.html)



Biological Functions of Lipids

� Structural elements (phospholipids, cholesterol)

� Energy storage (fatty acids, triacylglycerols)

� Hormones (estrogen, testosterone)

� Enzyme cofactors (coenzyme A)

Electron carriers (coenzyme Q)� Electron carriers (coenzyme Q)

� Light-absorbing pigments (carotenoids)

� Emulsifying agents (bile salts)

� Intracellular messengers (phosphatidyl inositol)



Fatty acids

Structure of a fatty acid

Some fatty acids of 
physiological importance

Harvey R and Ferrier D. 2011. Lippincott’s Illustrated 
Reviews-Biochemistry, 5th ed. LW&W, PA, USA



Fatty acids - saturation

Nelson DL and Cox MM. 2008.Lehninger Principles 
of Biochemistry. Worth Publishers, NY, USA



Palmitic Acid

O

OH
ωωωω εεεε αααα

ββββ

γγγγ

δδδδ

13
246

5
16

ωωωω omega, always the last alkyl carbon

εεεε epsilon, fifth carbon after the carbonyl

δδδδ delta, fourth carbon after the carbonyl

γγγγ gamma, third carbon after the carbonyl

ββββ beta, second carbon after the carbonyl

αααα alpha, first carbon after the carbonyl

Carbonyl carbon

E.A. DENNIS 2010 ©



Fatty acids

scienceforums.net



Lipids - Sources

Ensminger ME, Oldfield JE, Heinemann WW. 1990. Feeds and 

Nutrition. The Ensminger Publ. Com. CA, US


