Chooks
Digestive System of Chooks

· Shoot alimentary tract

· Large enzymatic requirement for digestion

· Barbed tongue ( barbs assist in forcing food down  the oesophagus into the crop

· Crop ( enlargement in the oesophagus for food storage

· Glandular stomach ( proventriculus secretes HCl and pepsin

· Gizzard ( muscular grinding organ needed for dealing with grains.  It’s very flaccid in modern broilers (vs. tone of those in backyard chooks)

· Pancreas ( major source of digestive enzymes

· Liver ( secretes bile for fat absorption.  Chooks don’t have a good lymphatic system so fat needs to be taken care of in the hepatic portal instead of being taken in lymph vessels

· Small intestine ( digestion and absorption

· Caeca ( blind paired pouches where some fibre digestion can happen

· Colo-rectum (very short, little water absorption

· Cloaca ( common exit portal for reproductive, digestive and excretory systems

Dietary Nutrients

· Carbohydrates and fats (fats are basically concentrated energy)

· Proteins (amino acids) ~10-12 that can’t be synthesised in the body and, therefore, need in appropriate proportions in diet
· Vitamins

· Minerals

· Water ( very important.  Needs to be good, clean and preferably cool

· Supplements

Energy

· Largest single dietary need of an animal

· Requirement for all physical processes: movement, respiration, circulation, absorption, excretion, etc.  i.e.: all processes of life

· Primary sources are carbohydrates and fats

· Amino acids in excess of requirements for protein metabolism are deaminated and used as an energy source ( protein metabolism causes heat which is a problem to remember in hot weather.

· Normally expressed as ME (J) which is:
gross energy of feed – (energy lost in faeces + energy in urine)  ( birds void faeces and urine together

· MEs are fairly additive

Fats

· High in energy

· ~15% of the total wet weight of a market broiler and 10% of eggs (all in yolk ( 33% of yolk)

· present in most feeds at around 2-5%

· linoleic acid is only the fatty acid that can’t be synthesised by chooks ( essential fatty acid.  It’s found in most vegetable oils and has a direct effect on egg size

Protein

· a requirement for protein is a requirement for amino acids

· broilers contain around 18% protein and 15% fat

· eggs are around 12% protein 

· Chooks have 22 amino acids
· There are 10 essential amino acids

· The most limiting are lysine and methionine
· There are three amino acids that can be synthesised from essential amino acids
Vitamins

· Catalysts in metabolic pathways

· Chooks only synthesise vitamin C and require all others in their diet

· There are the fat and water soluble vitamins

· Examples of deficiencies:

· Nicotinic ( stunted growth

· Riboflavin ( curled toe, decreased hatchability

· Thiamine ( stargazing

· Biotin ( lesions on feet and in the corner of the mouth

· Pantothenic acid ~ biotin

· Perosis (slipped tendon) ( Manganese, biotin, choline, nicotinic acid and folic acid

Supplements

· Antioxidants ( protect vitamins

· Enzymes

· Drugs

· Antibiotics (gut flora modifiers in the diets of young chicks)

· Carotenoids (ensure yolks are yellow)

· Unidentified growth promotors (UGP)

· Tranquilisers

· Coccidiostats ( gradually being replaced with vaccines

· Growth promotants

· Pellet binders

Water

Around 55-75% of the body and of eggs

Functions in the body:

1. Transfer of nutrients

2. elimination of waste

3. helps maintain body temperature

Requirements: 1.5-2.5g H2O for every g of food eaten.  A good supply of clean water is essential.

Absorption

· Fat

· Monoglycerides, free fatty acids and bile salts for micro emulsions (micelles)

· These penetrate the brush border of epithelial cells

· Lymphatic system is poorly developed so 90% of fat is transported in the portal system as low density lipoproteins

· Absorbed fats are

· Catabolised as and energy source

· Stored in adipose tissue

· Transferred to egg fat

· Carbohydrates

· Converted to glucose

· Glucose is:

· Converted to glycogen in liver, muscles or 

· Converted to fat and stored 

· Carbon skeletons for organic compounds

· Plasma glucose levels should be around 250-300mg/100ml

· Amino acids

· Synthesised into body or egg protein

· Converted into other amino acids

· Degraded to uric acid and carbohydrates

Control of food intake

a. Short term control:  
Gut fill ( affected by physical form of diet and physical state of bird
Fowls are sensitive to colour, task and shape of food ( very capable of regulating their own needs if given the choice
b. Medium term control

· Thermostatic

· Glucostatic

· Ionostatic

· Aminostatic

c. Long term control
lipostatic ( hormonal control – maintains fat deposits at a predetermined size

· Thermostatic

Energy Requirements of Chooks
Within limits, chicks regulate intake to consume a constant amount of metabolisable energy when fed rations varying in ME content.

There is overcompensation of energy on high energy diets and chicks fed such diets will be fatter than their counterparts fed lower energy diets
Energy requirements for growth

Broilers ( high growth rate essential


ME is 12.5-13.5 MJ ME/kg

Layers ( growth rate not essential


ME is 11-12 MJ ME/kg

(starter diets: day old – 4.5 yr olds)

Energy requirements for layers

There will be a decreased egg production if:

· Dietary ME < 11MJ/kg (normal environmental temperature)

· Dietary ME < 11.5 MJ/kg (cool conditions)

Minimum feed density which will allow chickens to obtain adequate energy is 6.3 kJ ME/cc diet

Factors affecting the ME value of feedstuff:

· Level of intake ( metabolised faecal energy is high at higher levels of intake.  Effect of intake on digestion and absorption, eg: dietary fat
· Age, breed, strain ( eg birds < 4wks don’t digest tallow efficiently

· Synergistic effects of fats ( ME values of fats aren’t additive.  Saturated fat ME improves when added to unsaturated fats

· Milletting, grinding and pelleting

Protein requirements

· Deficiency of one essential amino acid will depress growth and egg production

· Incomplete proteins can NOT be made

· Protein or amino acid deficient diets produce over-fed broilers

· Need to know food intake when expressing amino acid requirements, NB energy requirement of diet

Factors affecting amino acid requirements of birds

· Energy control of diet

· Temperature

· Amino acid balance:

· Limiting, eg: lysine or methionine

· Antagonistic, eg: lysine and arginine

· Stress and breed

· Used for other metabolic functions, eg tryptophan as a precursor of nicotinic acid and tyrosine as a precursor of thyroxine and adrenaline

· Amino acid availability

Depending on how amino acids in the diet are expressed, differences between stick can be minor or major.

Protein requirements for laying hens – factors

1. egg production rate

2. average egg weight

3. body weight

4. body weight gain

Protein requirements:

· 71% for egg production

· 18% for body maintainance

· 8% for body growth

· 2.5% for feather growth

As ME of the diet increases the protein in the diet also needs to be increased because of the complimentary drop in intake.

As age increase the proportion of protein needed in the diet decreases but the absolute amount stays pretty much the same.

As temperature increases and intake decreases the protein in the diet needs to be increased ( protein in the diet needs to be suited to the temperature.

Factors affecting minimum requirements

1. chelating agents ( phytic acid – Zn

2. energy level ( food intake

3. dietary fat ( decreases absorption of some minerals

4. dietary calcium ( interferes with absorption of other minerals

5. high level toxicity ( e.g. F in P sources, high Na –wet droppings

Complex balance
Feedstuff Ingredients

· grains ( wheat, sorghum, tritcale, barley, maize

· protein supplements ( plant or animals

· energy supplements ( fat or oil

· vitamins ( water and fat soluble in the premix

· minerals ( macro (Ca + P) or trace (Cu, Zn, Mo, Se, etc)

· synthetic amino acids ( lysine, methionine, threonine

· essential fatty acids ( linoleic acid, EPA DHA

· others ( e.g.  yolk pigments and coccidiostats
Grains
· Barley ( used sparingly with layers and not in broiler diets at all.  ME 12.0 MJ/kg, protein 110 (80-150g/kg)  There are problems with digestibility that can be improved by dehulling, soaking, grinding and pelleting

· Maize ( limited use in Australia but the most common grain in North America.  High in energy (13.6 MJ/kg), low in protein 86g/kg (70-120)  The yellow colour is an advantage with layers (serves as a yolk pigmenter) but a disadvantage with broilers (fat becomes yellow as does the skin)

· Wheat ( most common grain in poultry feeds.  Moderate energy (13.0MJ/kg), crude protein 120g/kg (100-180) and some varieties are high in NSPs

· Sorghum ( common grain in poultry feed.  High in energy (13.8 MJ/kg), low in protein 100g/kg (60-150).  Some varieties are high in tannim which limits inclusions

· Triticale ( cross between wheat and rye.  ME 13.1 MJ/kg, CP 120g/kg.  there are problems with some varieties with trypsin inhibitors and tannins.  Should be < 50% grains

Non-starch polysaccharides (NSPs)

· NSPs (eg cellulose, hemi-cellulose, B-glucans, pentosans, pectins, xylan, arabino-xylan) affect digestion and performance

· NSP levels are high in some wheats and grain legumes

· Insoluble NSPs seal nutrient into unbroken cells, e.g. cellulose

· Soluble NSPs increase the viscosity of gut contents and decrease digestion of nutrients, e.g. hemi-cellulose and B-glucan

· Both effects can be mitigated by the inclusion of certain microbial enzymes in the feed

· Mixtures of these enzymes are now commercially available for specific ingredient compositions

Protein supplements ( plants

· Soybean meal – extracted ( no limitations 

· Soybean meal – full fat ( needs heat treatment to destroy trypsin inhibitors

· Sunflower meal ( no limitations

· Safflower meal ( no limitations

· Canola meal ( glucosinolates in some varieties which limit inclusion rates

· Peanut meal ( low in methionine and lysine and problems with aflatoxin

· Cottonseed meal ( less than 5 and 10% of the diets of layers and broiler respectively

Protein supplements ( meat

· Meat meal (protein quality is very variable, limits are often set by levels of Ca and P

· Fish meal ( very high in protein (500-700g/kg) limits are set by off-flavours (<7%)

· Poultry offal ( high in protein and energy, some concern about toxins and viruses

· Feather offal ( hydrolysing of keratin essential.  It’s high in sulphur amino acids (<5% of diet)
Vitamins and trace minerals

· Vitamins ( normally included in diets in a premix on the assumption that there is no vitamin potency in the main feedstuff ingredients and the levels included are the minimum levels for the particular class of stock.

· Trace minerals ( same approach taken here as with vitamins.  Normally a separate premix.  Only minerals normally measure in the main ingredients are Ca, P, Mg and Na.  Salt (NaCl) is normally included as an intake stimulator

· Ca sources ( needed for bone and shell formation.  Mostly as CaCo3.  shell grit, oyster shell, crushed limestone
· P ( rock phosphate, tri, di and monocalcium phosphate, bone meal and bone ash.  Problems with rock phosphates (derived from guano) is contamination with fluorine

Broiler nutrition ( ad lib

Starter (day old – 3wks) ( must be high in nutrient density

· 12.5-13.0 MJ ME/kg diet

· 23% crude protein

· 2-3% added fat/oil

· about 55% grin, ~40% protein supplement

· crumble form

· coccidiostat ( coccidiocide (must be highly effective – the birds will not be given a chance to live long enough to develop an immunity on their own)

· antibiotics – growth promotants

· <5% fibre

· Ca ~ 0.9%

Finisher (4-6wks to slaughter)

· Must have a high nutrient density
· 13.0-13.5 MJ ME/kg diet

· 20-21% CP

· ~3-4% added fat/oil

· ~65-70% grain

· 30-35% protein supplement

· crumble or pellet form

· efficient coccidiostat (withheld in the last few days prior to slaughter)

· antibiotic (also withheld last few days prior to slaughter)

· <5% fibre

· calcium ~ 1%

Layer nutrition

Feeding layer pullets from hatching until onset of lay
· starter and developer diets ( food is restricted only to the heavier birds but not to the lighter bodied ones)

typical composition


CP%


ME (MJ/kg)

age (wks)

0-6 (starter



20


12

6-18 (developer/grower)

16.5


11.5

· water available at all times

· feed additives ( mild coccidiostats ( out by 14wks

· form ( mash pellets or crumble

feeding layers

· ad lib

· summer and winter diets

· summer: 17% CP, 11.5 MJ ME/kg
winter: 15.5% CP, 11.5 MJ ME/kg

· feed additives:

· Ca2+ ( require 3-4%

· CaCO3 ( limestone or shell grit 

· Yolk pigmenters

· Form: mash or pellets
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