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Before we start…
Dear Learner - This Learner Guide contains all the information to acquire all the
knowledge and skills leading to the unit standard:
Title:
US No:

Explain intermediate animal nutrition.
116282

NQF Level: 4

Credits: 4

The full unit standard will be handed to you by your facilitator. Please read the unit
standard at your own time. Whilst reading the unit standard, make a note of your
questions and aspects that you do not understand, and discuss it with your
facilitator.
This unit standard is one of the building blocks in the qualifications listed below.
Please mark the qualification you are currently doing:
Title

ID Number

NQF Level

Credits

Mark

National Certificate in Animal Production

48979

4

120

ρ

National Certificate in Plant Production

49009

4

120

ρ

Please mark the learning program you
are enrolled in:
Your facilitator should explain the above
concepts to you.

Are you enrolled in a:

Y

N

Learnership?

ρ

ρ

Skills Program?

ρ

ρ

Short Course?

ρ

ρ

This Learner Guide contains all the information, and more, as well as the activities
that you will be expected to do during the course of your study. Please keep the
activities that you have completed and include it in your Portfolio of Evidence.
Your PoE will be required during your final assessment.

What is assessment all about?
You will be assessed during the course of your study. This is called formative
assessment. You will also be assessed on completion of this unit standard. This is
called summative assessment. Before your assessment, your assessor will discuss
the unit standard with you.
Assessment takes place at different intervals of the learning process and includes
various activities. Some activities will be done before the commencement of the
program whilst others will be done during programme delivery and other after
completion of the program.
The assessment experience should be user friendly, transparent and fair. Should
you feel that you have been treated unfairly, you have the right to appeal. Please
ask your facilitator about the appeals process and make your own notes.
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Your activities must be handed in from time to time on request of the facilitator for
the following purposes:
♥ The activities that follow are designed to help you gain the skills, knowledge
and attitudes that you need in order to become competent in this learning
module.
♥ It is important that you complete all the activities, as directed in the learner
guide and at the time indicated by the facilitator.
♥ It is important that you ask questions and participate as much as possible in
order to play an active roll in reaching competence.
♥ When you have completed all the activities hand this in to the assessor who
will mark it and guide you in areas where additional learning might be
required.
♥ You should not move on to the next step in the assessment process until this
step is completed, marked and you have received feedback from the
assessor.
♥ Sources of information to complete these activities should be identified by
your facilitator.
♥ Please note that all completed activities, tasks and other items on which
you were assessed must be kept in good order as it becomes part of your
Portfolio of Evidence for final assessment.

Enjoy this learning experience!
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How to use this guide …
Throughout this guide, you will come across certain re-occurring “boxes”. These
boxes each represent a certain aspect of the learning process, containing
information, which would help you with the identification and understanding of these
aspects. The following is a list of these boxes and what they represent:
What does it mean? Each learning field is characterized by unique terms and
definitions – it is important to know and use these terms and definitions correctly. These
terms and definitions are highlighted throughout the guide in this manner.

You will be requested to complete activities, which could be group activities, or individual
activities. Please remember to complete the activities, as the facilitator will assess it and
these will become part of your portfolio of evidence. Activities, whether group or individual
activities, will be described in this box.

Examples of certain
concepts or principles to
help you contextualise
them easier, will be shown
in this box.

The following box indicates a summary of
concepts that we have covered, and offers
you an opportunity to ask questions to your
facilitator if you are still feeling unsure of
the concepts listed.

My Notes …
You can use this box to jot down questions you might have, words that you do not understand,
instructions given by the facilitator or explanations given by the facilitator or any other remarks that
will help you to understand the work better.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
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What will I be able to do?
When you have achieved this unit standard, you will be able to:
♥ Understand and apply the scientific and technical principles of animal
nutrition, feed, technology and feeding management.
♥ Gain specific knowledge and skills in animal feeding and nutrition and will be
able to operate in an animal production environment implementing
sustainable and economically viable production principles.
You will specifically be able to:
♥ Describe the composition and functions of specific nutrient components and
feed ingredients.
♥ Interpret the nutrient requirements of different animal species and
categories.
♥ Perform the calibration and adjustments of feed manufacturing and
processing equipment.
♥ Explain the principles of feed preservation.
♥ Apply quality control measures that affect feeds.

Learning Outcomes
At the end of this learning module, you must is able to demonstrate a
basic knowledge and understanding of:
♥ Intermediate comprehension and understanding the roles of specific
nutrients, ingredients and feed components.
♥ Intermediate comprehension and understanding of nutrient requirement of
different animal species and categories.
♥ The understanding and interpretation of observed and measured quality
characteristics and standards.
♥ Interpretation and application of on farm feed performance results.
♥ Develop communication skills - presentation of information.
♥ Develop interpersonal skills and supervision responsibility.
♥ Understanding of concepts and interpretation of carrying capacity, feed
supply, fodder flow planning and overall feed flow planning and external
influences on feed supply.
♥ Understanding of feed processing.
♥ Understanding of appropriate feed regulations (Act 36 of 1947).

What do I need to know?
It is expected of the learner attempting this unit standard to demonstrate
competence against the unit standard:

♥ NQF 3: Explain elementary Animal Nutrition.
♥ NQF 4: Explain Functional animal Anatomy and Physiology.
♥ NQF 3: Maintain water quality parameters.
♥ NQF 4: Plan and maintain environmentally sound agricultural processes.
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Nutrient components and feed
ingredients
After completing this session, you should be able to:

SO 1: Describe the composition and functions of specific
nutrient components and feed ingredients.
In this session we explore the following concepts:
♥
♥
♥
♥

1.1

Protein
Energy
Minerals and vitamins
Metabolic diseases

Introduction
You have already learned about the nutrients in animal feed. The most important
requirements of animals are the supply of Energy and Protein. Protein is broken
down and absorbed in the digestive tract of the animal in a more simple form, the
amino acids. The amino acids are the building blocks of specific proteins and the
DNA of a cell determines the ratio and quantities of amino acids that are needed to
build each specific body protein. Before a protein can be built by a cell, the correct
quantities and ratios of amino acids must be available to that cell to build the
protein. If one of the amino acids needed is not available, the protein will not be
produced and the remaining amino acids will be broken down and used as energy.

1.2

Protein
The micro organisms in the rumen of the ruminant can make use of two sources of
nitrogen to build up their body protein. They either use free nitrogen in the form of
non-protein nitrogen or protein-nitrogen from their rations. Some micro organisms
have the ability to synthesise protein out of free nitrogen and build up their own
systems with these proteins. The organisms are themselves later digested by the
ruminant in the abomasum. The ruminant then utilizes the synthesized microbial
protein to its own benefit.
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Thus, Mono-gastric (single stomach) animals are dependent on feed rations with a
good quality of protein and energy. This is because the digestive tract of a monogastric animal cannot digest cellulose. Therefore, feeds high in cellulose like lucerne
and other roughages cannot be utilized as effectively by mono-gastric animals as by
ruminants.
In contrast, horses and rabbits make use of lower digestive tract fermentation,
where microbial activities take place in the caecum of the large intestine.
Because of these differences in the ability to digest different types of food, monogastric animals and ruminants have different feed requirements. Furthermore, the
nutrient requirements (quantity and quality) of different animals differ depending on:
♥ Their species
♥ Their breed
♥ Their age
♥ Their sex
♥ Their production potential
♥ Their stage of production
♥ Whether they are ill or healthy
♥ The product they produce (whether wool, meat, milk etc.)
Most of the products produced by farm animals contain high levels of proteins in
their structure for example, milk, fibre and meat. These proteins are built up from
certain amino acids in different combinations that will give the protein its specific
characteristics.
ν

Amino acids
All peptides and polypeptides are polymers of alpha-amino acids. There are 20
alpha-amino acids that are relevant to the make up of mammalian proteins. Several
other amino acids are found in the body free or in combined states. These nonprotein associated amino acids perform specialized functions. Several of the amino
acids found in proteins also serve functions distinct from the formation of peptides
and proteins for example tyrosine is important in the formation of thyroid hormones
or glutamate acts as a neurotransmitter.
The alpha-amino acids in peptides and proteins (excluding proline) consist of a
carboxylic acid (-COOH) and an amino (-NH2) functional group attached at the same
tetrahedral carbon atom. This carbon atom is the alpha-carbon atom. Therefore the
twenty amino acids are called the alpha-amino acids (It is not necessary to know the
structures of the amino acids.) The important aspect that must be known is that
there are amino acids and that these amino acids are roughly classified into essential
and non-essential amino acids.
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Although there are more than 20 amino acids the important ones in the rations of
animals are the ones needed to build the different proteins in the body or body
structure, as well as the functions that build protein out of these amino acids.
ν

Essential amino acids
These are the amino acids that mono-gastric animals need in their ration to satisfy
the amino acid requirements of their diet. It is important that these amino acids be
included in the correct ratios to make sure that the amino acid “building blocks” are
available to build certain proteins. For instance; if a wool fibre is manufactured by
the cell it needs the sulphur containing amino acid methionine as a building block.
So if the diet of the animal does not supply the amino acid then wool protein cannot
be formed. The essential amino acids play an important role in the synthesis of
several proteins and are needed in the correct quantities in the rations of monogastric animals.
However, although the ruminant has the same amino acid requirements, the way
the ration of a ruminant is digested is different. The ruminant does not only make
use of his or her own enzymes for digestion but also uses microbial digestion. The
microbes in the rumen can synthesize certain amino acids out of non-protein
nitrogen sources. This enables the animal (ruminant) to be less dependent on
external essential amino acids in their diet.
The essential amino acids are:
♥

Valine

♥

Leucine

♥

Isoleucine

♥

Threonine

♥

Methionine

♥

Arginine

♥

Lysine

♥

Histidine

♥

Phenylalamine

♥

Tryptophan

There are also two amino acids that some people consider as also essential or that
may be essential for some animals and these are:
•
•

Cysteine
Tyrosine
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Non-Essential amino acids
The other eight alpha-amino acids are:
♥

Glycine

♥

Alanine

♥

Serine

♥

Aspartic acid

♥

Asparagine

♥

Glutamic acid

♥

Glutamine

♥

Proline

These alpha amino acids are also important building blocks of proteins but the body
can modify the structure of the essential amino acids to form the non-essential
amino acids. The feeds of pigs, poultry and other mono-gastric animals are
supplemented with the necessary amino acids when an imbalance or shortage is
found in a mixed feed. Pure amino acids are expensive so the person compiling a
ration will make use of natural protein rich feed sources and supplements for the
initial balancing and will only supplement the pure amino acids in small quantities
where it can play a big role. This is done merely to make the feed as inexpensive as
possible (This is called “least cost” feed formulation). The amino acids that are
supplemented will be small amounts and are mixed with the minerals and vitamins
that are also small amounts.
Do you remember how to mix small amounts of feed ingredients into large amounts
of mixed feed?
Learning Task
First mix all the small amounts of feed ingredients together and then mix
it with a small amount of the larger mixed feed. Then mix this mixture
into the big amount by slowly adding it and mixing it thoroughly through
the rest of the big amount.

ν

Protein concentrates
There are a lot of feeds that are considered “protein rich”. However, they differ in
quality. As a rule you can consider any protein feed of animal origin such as
fishmeal, carcass meal and blood meal as protein supplements with a high quality
protein. The presence of essential amino acids in them is good. Dry milk powder is
also a protein supplement with a good quality protein.
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A good quality protein can be defined as a protein that is a good
source of protein and it will supply the essential amino acids in the
correct ratios.

Protein supplements of animal origin are more expensive and also less abundant.
There are also very good protein supplements available of plant origin. In the
processing of certain grains and plant seeds for oil a by-product is produced that is a
good protein supplement. These plant protein sources are mostly cheaper and more
available than animal protein supplements. Examples include:
♥

Soya bean oil cake meal;

♥

Peanut oil cake meal;

♥

Sunflower oil cake meal;

♥

Canola oil cake meal; and

♥

Other oilcake meals like cottonseed oil cake meal.

There are also other by-products with protein content higher than 10 % but these
have a lower quality protein. These include the by-products of the milling companies
such as wheaten bran and pollard.
ν

Protein Feeds for Ruminants
Ruminants do not need such high quality protein feeds. The micro-organisms in the
rumen will degrade the feed protein and built it into their own bodies. Therefore, if
you feed high quality protein feeds to ruminants you must protect these protein
sources from the micro-organisms in the rumen, allowing them to pass undigested
into the abomasum where they will be digested by enzymes followed by absorption
of these amino acids in the small intestine.
Usually the ration of a ruminant will be balanced with protein supplements that are
cheaper or with inexpensive non-protein supplements such as urea.

ν

Non-protein Nitrogen (NPN)
The micro-organisms in the rumen of ruminants have the ability to synthesize amino
acids and therefore, proteins out of non-protein nitrogen sources such as urea. Urea
supplies the nitrogen needed by the micro-organisms to synthesize amino acids.
Only small amounts of urea should be added to a mixed ration since there are limits
to the amount of protein that can be replaced by non-protein nitrogen. Also, urea
can be poisonous if too much is used in the ration and also if the ration gets wet in
rainstorms. The urea in the ration can dissolve very easily in the water and if the
animal drinks the water it may die of urea poisoning. Due to the action of the
ruminal microbes, ruminants are efficient at utilizing the protein within high quality
roughages such as lucerne and other legume roughages. Most of their protein
requirements can be met through such roughage rations.
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Alternative Protein Sources
Chicken litter is sometimes used as a protein source for ruminants because of its
high urea content. However, this practise is not recommended unless the feed is
sterilized and the ruminant herd has been vaccinated against botulism.

ν

The supplementation of amino acids for dairy cows
In modern ruminant rations for high producing dairy cows the nutritionist includes
amino acids in the ration. This is because the high producing dairy cow is not able
to ingest enough of certain amino acids via her normal ration because the
requirements for her production are very high and her body is physically not large
enough to eat more.
Because all the cows do not all produce such high yields of milk, it would be a waste
to also supplement the lower producers with expensive supplementary amino acids.
This creates a feed management problem in that different cows need to be fed
different feeds. One way to manage this is to break the whole herd into smaller
groups of cows with similar production yields. In this way the farmer can then feed
the different groups of cows feeds according to their production.
Another modern method of feeding individual cows is an automated system where
the individual cows ration is mixed by a computer just before the milking process
starts. The cow’s individual body mass and production is measured twice a day and
the computer determines the mixture required. This feed is mixed as soon as the
cow enters the milking stall, and is delivered to the feed bin in the milking stall while
the cow is being milked. Although such systems are highly effective, they are also
very costly.
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Energy
Carbohydrates, fats and lipids are the main sources of energy of farm animals. The
animal needs energy for maintenance, growth and production functions.
ν

Carbohydrates
Carbohydrates are found in very small quantities in animals. Most animals store
carbohydrates in the cells of the liver in the form of glycogen. Plants however are a
very rich source of carbohydrates. The most common place where a lot of
carbohydrates are found is in the seeds of the plants in the form of starch. Some
plants like sugar cane, sugar beet and even the sweet maize plant contain high
quantities of sugars in their stems.
Carbohydrates include:
♥ Starch
♥ Glycogen
♥ Cellulose
♥ Hemicellulose
♥ Sugars
•
•
•

Mono-saccharides (glucose, fructose, galactose)
Di-saccharides (sucrose, maltose, lactose)
Poly-saccharides (hexose, pentose)

Cellulose and hemicellulose are resistant to digestive processes and their energy
content is locked up and can only be utilized by animals that use microbes to help
them with their digestion. Fermentation in the rumen of ruminants and the caecum
and colon of horses and rabbits results in the production of short-chain fatty acids
(acetate, propionate, and butyrate). These end products also result from the
fermentation of sugars and polysaccharides. Fatty acids are absorbed by the
reticulo-ruminal epithelium (stomach lining). Acetic acid is absorbed most rapidly,
followed by propionic and butyric acids. Volatile fatty acids contribute approximately
60% of all the energy metabolised by the ruminant animal. The volatile fatty acids
enter into the metabolism in various ways. Propionic acid is converted into glucose
and stored as glycogen. Acetic acid may be formed into body fat, oxidised to provide
energy, or converted to glucose and stored as glycogen. Butyric acid and acetic acid
are important sources of milk fat.
The sugars and starches also supply energy to the farm animal (Less than 5% of the
metabolizable energy is derived from these sources). As mentioned above, sugars
and starches are also broken down in the rumen by microbial fermentation and
volatile fatty acids are formed.
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Since the microbes are responsible for digestion in the rumen, it should be
remembered that it is actually the micro-organisms that are being fed rather than
the animal. This is often forgotten in the feeding management of ruminants. When
changes in the feed occur, the microbial population in the rumen changes. Some
micro-organisms increase in number if the feed source that they prefer is provided
while others will decrease in number since their feed source is not being supplied.
Because of this continuous adaptation of the microbial population to the feed
provided, it should be remembered that new feeds should be introduced to
ruminants over a week to two week period. This allows the microbial population time
to adapt to the new feed source. If sudden complete shifts are made in the diet, the
microbial population will die.
Acidosis is a disease condition resulting from poor feed management. Lactic acid
bacteria occur in the rumen naturally but in very small numbers (about 0.01% of all
the rumen bacteria). If a large amount of a concentrate feed (such as maize) is fed
suddenly, then the lactic acid bacteria multiply very rapidly, reaching numbers as
high as 30% of the total rumen microbial population. This leads to the production of
excesses of lactic acid and reduces the pH in the rumen to less than 5. This massive
increase in acidity leads to several metabolic disturbances in the animal such as
dehydration, acidic body fluids, rumen stasis, the death of all the other rumen microorganisms, damage to the rumen wall and haemorrhaging, abscesses in the liver,
formation of endotoxins, and inflammation of the intestinal tract.
The mono-saccharides are readily absorbed by simple diffusion in the small intestine.
The amylase enzymes are responsible for hydrolysing the more complex sugars to
their simple free derivatives. Thus, the disaccharide sucrose is converted to fructose
and glucose, maltose is converted to glucose, and lactose is converted to galactose
and glucose. The amylase enzymes found throughout the digestive tract digest the
polysaccharides such as starch and glycogen. However, as mentioned above,
cellulose and hemicellulose has beta-linked glucose units or pentose and hexose
units, respectively, but no animal secretes the enzyme which can hydrolyse these
beta-linkages. Thus, digestion of cellulose and hemicellulose in ruminants is
dependant on microbial action.
ν

Fats
Fat digestion begins in the duodenum (small intestine) when the triglycerides come
into contact with pancreatic lipase and bile-salts. Triglycerides (the most abundant of
the dietary lipids) are emulsified to glycerol and monoglycerides, free fatty acids and
diglycerides. The monoglycerides and fatty acids combine with bile salts and sodium
ions to form a micellar solution in the lumen of the small intestine. The lipid micelles
enter the inter-microvillar spaces of the intestinal tract allowing the monoglycerides
and fatty acids to enter the cells. Once inside the intestinal mucosal cells, the longchain free fatty acids and monoglycerides are re-esterified back into triglycerides.
They are then coated with a layer of lipoprotein, cholesterol and phospholipid to
form chylomicrons which are carried away by the lymph system. Short-chain fatty
acids merely pass from the mucosal cells directly into the portal blood where they
are transported to the liver as free fatty acids.
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Hydrolysed means the breaking of a chemical bond by addition of a
water molecule.

Please complete Activity 1:

Individual written assignment
Visit your local Farmer’s Co-operative or feed manufacturer.
Compile a list of protein rich feeds and energy rich feeds sold by this Co-operative or
Feed manufacturer and obtain their prices.

1.4

Minerals and vitamins
Mineral imbalances and deficiencies can cause sub-optimal production and
reproduction even when there is an abundant feed supply. At least 15 mineral
elements are nutritionally essential for ruminants. There are seven major or macro
minerals (Ca, P, K, Na, Cl, Mg and S) and eight trace or micro minerals (Fe, I, Zn,
Cu, Mn, Co, Mo and Se). An excess of Cu, F, Mn, Mo or Se can also cause toxicities.
Toxicities can also occur where excess arsenic, lead, cadmium, mercury or
aluminium, occurs.
The macro elements like calcium, phosphorus and magnesium forms the structural
part of the skeleton of an animal. Phosphorus also has a central role in the energy
metabolism of the animal. Copper is essential for the functioning of a wide variety
of enzymes and a shortage thereof results in symptoms that vary from anaemia to a
lowering of fertility to a loss of crimp in wool. Cobalt forms part of Vitamin B12
which is essential for the utilization of propionic acid.
Please complete Activity 2:

Group Activity
The class will be divided into two equal-sized groups.
One group of learners will research the role of minerals in the functioning of the body
and the other group will research the role of vitamins in the body. Each group must
name and describe the roles of each nutrient, as well as symptoms of their deficiency.
A representative from each group will present the group findings in class at a date to be
decided.

Version: 01

Version Date: July 2006

Explain intermediate animal nutrition
Primary Agriculture

NQF Level 4

Unit Standard No: 116282

16

The following is a list of the essential minerals and their approximate concentrations
in the body:
Macro Elements

Micro Trace Elements

Calcium

1,55%

Iron

20 - 80 ppm

Phosphorus

1,00%

Zinc

10 - 50 ppm

Potassium

0,20%

Copper

1 - 5 ppm

Sodium

0,16%

Manganese

0.2 - 0.5 ppm

Chlorine

0,11%

Iodine

0.3 - 0.6 ppm

Sulphur

0,15%

Cobalt

0.02 - 0.1 ppm

Magnesium

0,04%

Molybdenum

1 - 4 ppm

Selenium

Some vitamins play a major role in mineral metabolism. For example, Vitamin D is
important for the mineralization of calcium into the bone structure.
Phosphorus plays an important role in the transfer of energy in the body. It is also
a very important part of the skeleton and along with calcium forms the main mineral
components of bone.
The following is a list of the important known vitamins. They are divided into two
groups:
Fat soluble vitamins

Water soluble vitamins

Vit A

Vit B1 (Thiamine)

Vit D

Vit B2 (Riboflavin)

Vit E

Vit B6 (Pyridoxine)

Vit K

Niacin
Pentatonic acid
Biotin
Folic acid
Vit 12 (siano cobalimine)
Inositol
Vit C (Ascorbic acid)

The animal body can synthesize some vitamins. These include Vitamin K and the B
vitamins. All other vitamins need to be supplied via external sources. Humans, apes,
other primates and guinea pigs especially have an important Vitamin C requirement,
which if left unchecked can lead to a condition called scurvy.
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Metabolic diseases
Disease conditions that manifest themselves due to an imbalance of nutrient ratios
are known as metabolic diseases. Some well-known metabolic diseases include:
ν

Milk fever
Characterised by muscle tremors, a staggering gait, and eventually paralysis and
death. Occurs in heavily pregnant or lactating animals. It is caused when the calcium
absorbed by the digestive tract or extracted from the bone is less than the calcium
being supplied to the growing foetus in utero or to the udder for milk production.
Can be reversed by supplying calcium borogluconate intravenously.

ν

Pregnancy toxaemia or ketosis (domsiekte)
Characterised by the animal being disinterested in her surroundings, is listless, has
light muscle tremors, appears to be blind (there is not eye reflex), eventually kneels
down and dies. This occurs in heavily pregnant animals. It is caused when the foetus
takes up too much room and leaves too little room for the animal to consume the
amount of energy necessary for itself and for the growth of the foetuses. This
causes the animal to start breaking down stored fat to make up the deficiency in
energy. Ketone bodies are formed which lead to blood acidosis. This condition can
be reversed with the provision of intravenous glucose.

ν

Grass staggers
Characterised by convulsive seizures where the animal lies down and paddles wildly.
Caused by magnesium deficiency. Can be reversed by intravenous administration of
magnesium compounds.

Concept (SO 1)

I understand
this concept

The key chemical features of
nutrients are compared.
The functions of nutrients are
explained.
The compositions and functions of
various feed ingredient are
compared.
Nutrient toxicity are explained and
identified.
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Nutrient requirements of different
animal species
After completing this session, you should be able to:

SO 2: Interpret the nutrient requirements of different
animal species and categories.
In this session we explore the following concepts:
♥
♥
♥

2.1

Nutrient requirements
Nutrient imbalances
Feed formulation

Introduction
The nutrient requirements (quantity and quality) of different animals differ
depending on:
♥

Their species

♥

Their breed

♥

Their age

♥

Their sex

♥

Their production potential

♥

Their stage of production

♥

Whether they are ill or healthy

♥

The product they produce (whether wool, meat, milk etc.)

These factors will influence the nutrient requirements of animals throughout their
lives.

2.2

Nutrient requirements
In general, nutrient requirement tables indicate the nutrient requirements of
different age animals for their maintenance requirements as well as for different
levels of production. Production indices could include growth, milk production,
gestation (pregnancy) or fibre production.
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A m aintenance ration

A maintenance ration is one, which provides sufficient nutrients
for the maintenance of the essential processes of life. The animal
will remain in good health without a decrease or increase in body
mass. Maintenance requirements are mainly dictated by the
body mass of the animal.

A production ration

A production ration is one which provides nutrients over and
above the maintenance ration to ensure the production of a
certain product. Products include growth (meat), milk, young and
fibre.

Various “Nutrient Requirement” tables are available (Table 1 of Appendix A contains
the NRC Nutrient Requirement table for sheep). These differ mainly in the manner in
which the nutrient requirements of the various animals were determined, but are
essentially the same. The feeding standards presently used include the:
♥

National Research Council (NRC) USA.

♥

Agricultural Research Council (ARC) Britain.

To interpret the tables, the farmer needs to know how old the animal is, how much
it weighs, and its stage of production. For example, the animal in question may be a
mature ewe, weighing 60kg, with twins in the first 8 weeks of gestation.
The tables will provide the nutrients (dry material, metabolizable energy, and crude
protein) required by the animal at the specific stage of production. The required
nutrients may be given as:
♥

Quantity per animal per day.

♥

Percentage of the total ration.

♥

Quantity per kg of the ration.

While reading and interpreting Nutrient Requirement tables is an important skill, a
farmer should inherently know that there are certain periods of an animal’s life when
improved nutrition is required. Such periods include:
♥ During mating
In order to obtain a high conception rate or increased multiple offspring the
female should be in good condition during the mating season. Flush feeding
assists to increase the ovulation rate (multiple ova are released).
•

•

The last six weeks of gestation - The nutritional requirements of the female
increases drastically during this period because most of the development of
the foetus occurs during this time. Poor nutrition during this period may
lead to metabolic disturbances such as ketosis (domsiekte) in the female or
the birth of small lambs/calves which are weaker.
The first eight weeks of lactation - The female has the greatest nutrient
requirements during this time since the young is almost totally dependent
on the female during this period.
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Active growth stage of the young animal - A high quality feed should be
fed to young animals because the requirements for growth are high and
the rumen capacity at this stage is still a limiting factor. Poor nutrition
during this stage can lead to permanent stunting of the animal.
Differences of nearly 20 percent in mature body mass were obtained as a
result of differences in nutritional treatment prior to four months of age.
Also, the influence of pre- and postnatal treatments were additive. This
means that if the mother is fed well in the last few weeks of pregnancy,
and the young that are born are strong, then, if the young are also fed
well up to weaning, the final result will be even stronger and healthier
offspring.
Although it may seem logical that some periods of an animal’s life have lower
nutrient requirements, do not be fooled! For example, during the dry period a
pregnant dairy cow needs to build up reserves in the form of fat, muscle,
tissue and bone for the stressful high production period to follow. Also,
although the production of fibre does not necessarily require increased
nutrient supply, feed provision/nutrient supply should be constant to avoid
breakages or weak areas in the fibre. Since sudden changes in weather can
negatively affect feed intake, fibre producing animals should be fed slightly
above maintenance requirements to ensure a buffer for sudden stressful
periods which may negatively influence fibre quality.

P re- and P ostnatal
Non-Degradable P rotein

2.3

Pre- and postnatal means before birth and just after
birth.
Non-degradable proteins are proteins that are not
attacked by the micro-organisms of the rumen. Thus,
they pass, unaffected into the abomasum and are
digested by the acids there.

Nutrient imbalances
To maintain the health, vigour and productive ability of animals, a farmer needs to
manage those factors which can challenge the health of the animal. There are four
factors which need to be managed correctly to reduce the chance that diseases will
occur.
♥

Poor nutrition: A well-fed animal has a much better chance of fighting off
disease and can convert nutrients in excess of maintenance requirements into
products.

♥

Stress: Any stress placed on an animal will make it more susceptible to disease
(e.g. Pasteurella). Stress includes factors such as parturition, fatigue from
walking or being transported long distances, poor housing, excessive cold
(especially when combined with damp), excessive heat, high humidity, and
dehydration.
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♥

Lack of tolerance: Animals in some areas are more tolerant to certain diseases
because they have built up a resistance for those factors through being
exposed to them for many generations. For example: Goats are browsers, and
thus less susceptible to picking up internal parasites from grazing infected
pastures. Thus, if you then put a goat onto pastures he will pick up internal
parasites more easily.

♥

Lack of immunity: It is important to maintain an animal’s immunity levels.
There are two ways, one is allowing the newborn to receive colostrum in the
first few days after birth, and the other is through vaccination.
In general, long-term stress causes an increase in the production of cortisol
by the adrenal cortex around the kidneys. Persistently elevated levels of
cortisol in the blood causes the cells to develop a resistance to the function
of insulin (which is to allow the entry of glucose into cells). Thus, glucose
cannot enter cells and cannot be utilised by the cells to function normally,
since glucose is the basic energy source for life. Elevated cortisol levels due
to stress also cause reduction in levels of FSH, LH, growth hormone thus
directly impairing reproduction and growth. Also cortisol induces protein
catabolism (breakdown) thus inducing muscle weakness.

ν

Malnutrition
All processes within the body rely on the supply of nutrients. These nutrients include
proteins, energy, vitamins, minerals and water in the correct quantities and ratios. If
any of these elements are not supplied in the correct quantities then malnutrition or
starvation ensues. In some circumstances, where some nutrients are supplied in lieu
(instead of) others the body may be able to manufacture the limiting nutrient. For
example: an excess of protein can be converted into energy. However, when this
occurs other organs and processes in the body can be negatively affected. For
example: when an excess of protein and inefficient energy is supplied, the kidneys
are placed under strain to excrete the excess amounts of urea.
Some vitamins, minerals, amino acids and fatty acids are considered “essential” or
‘indispensable” and cannot be manufactured/synthesized by the body and must be
ingested from an external source.
♥ Minerals
Mineral imbalances and deficiencies can cause sub-optimal production and
reproduction even when there is an abundant feed supply. At least 15
mineral elements are nutritionally essential for ruminants. There are seven
major or macro-minerals (Ca, P, K, Na, Cl, Mg and S) and eight trace or
micro-minerals (Fe, I, Zn, Cu, Mn, Co, Mo and Se). An excess of Cu, F, Mn,
Mo or Se can also cause toxicities. Toxicities can also occur where excess
arsenic, lead, cadmium, mercury or aluminium, occurs.
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♥ Vitamins
An external supply of all vitamins, except Vitamin K and the B vitamins, are
required by animals. In other words Vitamin K and the B vitamins can be
synthesized in the animal body.
♥ Amino acids
Most amino acids necessary for protein synthesis can be synthesized by
animals at rates rapid enough to ensure that the animal is not dependent on
an external dietary supply. The “non-essential” amino acids include alanine,
serine, aspartic acid, glutamic acid, glutamine, proline and hyroxyproline,
cysteine, cystine and tyrosine. Sometimes the rates of synthesis are too slow
to provide the amino acids in quantities required by the animal. Animals at
different ages and in different physiological conditions are synthesizing
particular proteins at different rates and this will create a requirement for
increased supplies of different types of amino acids. In these cases, amino
acids become “essential” because of the physiological stage of the animal.
Thus, extra glycine may be required by growing chickens and extra histidine
and arginine are required from growth of young. However, some amino
acids cannot be produced by synthetic processes in the animal body. Such
“essential” amino acids include lysine, phenylalanine, threonine, valine,
isoleucine, leucine, methionine and tryptophan.
♥ Fatty acids
Several poly-unsaturated fatty acids, specifically linoleic, linolenic and
arachidonic acid must be supplied in the diet. In the rat, dog, mouse, chick,
and infant human their absence leads to a cessation of growth, presence of
fatty liver, skin lesions, with increased water loss due to increased
permeability of skin and abnormalities in pregnancy and lactation.
ν

Metabolic diseases
Disease conditions that manifest themselves due to an imbalance of nutrient ratios
are known as metabolic diseases. Some well-known metabolic diseases include:
♥ Milk fever
Characterised by muscle tremors, a staggering gait, and eventually paralysis
and death. Occurs in heavily pregnant or lactating animals. It is caused
when the calcium absorbed by the digestive tract or extracted from the bone
is less than the calcium being supplied to the growing foetus in utero or to
the udder for milk production. Can be reversed by supplying calcium
borogluconate intravenously.
♥ Pregnancy toxaemia or ketosis (domsiekte)
Characterised by the animal being disinterested in her surroundings, is
listless, has light muscle tremors, appears to be blind (there is not eye
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reflex), eventually kneels down and dies. This occurs in heavily pregnant
animals.
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It is caused when the foetus takes up too much room and leaves too little
room for the animal to consume the amount of energy necessary for itself
and for the growth of the foetuses. This causes the animal to start breaking
down stored fat to make up the deficiency in energy. Ketone bodies are
formed which lead to blood acidosis. This condition can be reversed with the
provision of intravenous glucose.
♥ Grass staggers
Characterised by convulsive seizures where the animal lies down and
paddles wildly. Caused by magnesium deficiency. Can be reversed by
intravenous administration of magnesium.

2.4

Feed formulation
The cost of feed generally makes up approximately 70% of the costs of a livestock
operation. Whether the farmer is producing the feed on the farm or purchasing the
feed from outside sources, feed provision to the herd carries a cost. Feed
formulation is the process whereby the farmer estimates the nutrient requirements
of his animals, and then determines which feeds are required to provide for those
requirements at the least possible cost. To do this the farmer will obviously need to
know:
♥

What feeds he currently has available?

♥

The quantity and quality of the available feeds.

♥

The nutrient requirements of his/her animals.

♥

The stage of production and level of production of his/her animals (high milk
producers vs. low milk producers or dams carrying singles or dams carrying
twins).

♥

The shortages in nutrients that may occur.

♥

Which feed resources can be used to supplement the shortages?

♥

The costs of feed production, mixing, supplementation or outright purchase
(including costs of transport and storage).

♥

The seasonality of feed production and seasonality of feed purchase.
Since feed is the greatest input cost in a livestock operation, one of the main
management functions of a livestock farmer is to manage, control and
monitor the management of feed to ensure efficient utilisation with little
wastage at minimum cost and highest production. Feed management is not
a once off event but a daily management task on the livestock operation. To
effectively control the costs of this input every farming enterprise should
have a well-designed feed flow program in place.
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In Nutrient Requirement Tables the Units for Protein and Energy are
expressed as follows:
•

Crude Protein
Crude Protein is an estimate of the percentage of protein that is contained in
a feed based on the analysis of N contained therein.
Some tables also present protein as Digestible Protein. That is the part of
the ration that is assimilated by the animal when the food is digested. This
value will usually be lower than the estimate of Crude protein, since some
protein may not be nutritionally available to the animal, although it is present
in the feed. Digestible protein is of particular importance to dairy farmers
who need more accurate estimates of a feed’s protein content, since milk
production is dependent on adequate protein provision.

•

Energy
Energy values of food are presented as either total digestible nutrients (TDN)
or Metabolisable Energy ME. The TDN is expressed as a percentage of the
ration. Energy is expressed in (ME) Mega Joules per kilogram of
metabolisable energy.

ν

Ration balancing for sheep
The following calculation shows how to balance a ration for sheep by utilising low
quality roughage and a high protein concentrate. We are interested in formulating a
ration for an ewe that is in her first eight weeks of lactation with a single born.
HP C

HPC stands for High protein concentrate.

For the purposes of the calculation presented here a number is provided (in
brackets) associated with each value. Let the facilitator help you with that when you
do the activity.
The ration should include HPC40 if the preliminary ration does not include at least
60% of a legume roughage (see tip for selecting of preliminary ration).
Utilise Table 1 The Nutrient Requirements of sheep provided in Appendix A and
Table 2 Composition of Feedstuffs provided in Appendix A.
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Appendix A: Feed Tables
Table 1 Daily nutritional requirements of sheep, NRC standards (1975)
Body
mass
(Kg)

Increase
or
Decrease
(g/d)

Dry
material
intake (kg)

Crude
protein
(%)

TDN
(%)

Metabolizable
energy
(ME)(MJ/kg)

Ewes
Maintenance
50
10
1.0
8.9
55
8.2
60
10
1.1
8.9
55
8.2
70
10
1.2
8.9
55
8.2
80
10
1.3
8.9
55
8.2
Non-lactating and first 15 weeks of pregnancy
50
30
1.1
9.0
55
8.2
60
30
1.3
9.0
55
8.2
70
30
1.4
9.0
55
8.2
80
30
1.5
9.0
55
8.2
Last 6 weeks of pregnancy or last 8 weeks of lactation of ewes with one
lamb (1)
50
175
1.7
9.3
58
8.7
60
(+45)
1.9
9.3
58
8.7
70
180
2.1
9.3
58
8.7
80
(+45)
2.2
9.3
58
8.7
185
(+45)
190
(+45)
First 8 weeks of lactation of single lamb ewes or last 8 weeks of
lactation for ewes with multiple lambs (2)
50
-25 (+80) 2.1
10.4
65
9.7
-25 (+80) 2.3
10.4
65
9.7
60
70
-25 (+80) 2.5
10.4
65
9.7
80
-25 (+80) 2.6
10.4
65
9.7
First 8 weeks of lactation for ewes with multiple lambs
50
-60
2.4
11.5
65
9.7
60
-60
2.6
11.5
65
9.7
70
-60
2.8
11.5
65
9.7
80
-60
3.0
11.5
65
9.7

(1)

In brackets is applicable to last 8 weeks of lactation of single lamb ewes

(2)

In brackets is applicable to last 8 weeks of lactation for multiple lamb ewes
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Table 2 Composition of feedstuffs
Feedstuffs

Crude
(%)

Babala Silage (Poor)

TDN (%)

ME
(%)

8

57

8.5

Babala Silage (Good)

12

58

8.7

Babala Grazing

7

52

7.8

Buckwheat (Grain)

10

68

10.2

Buckwheat (Hulls)

3

41

6.1

Buckwheat (Straw)

4

38

5.7

Columbus grass hay

10

53

7.9

Eragrostis curvula hay

6

55

8.2

12

55

8.2

11

61

9.1

12

66

9.9

8

50

7.5

10

78

11.7

10

75

11.2

8

70

10.4

7

50

7.5

8

42

6.3

30

70

10.4

Grain Sorghum Silage

10

80

11.9

Grain Sorghum Malt

6

56

8.4

Grain Sorghum Seed

13

63

9.4

Peanut Hay (Poor)

45

80

11.9

Peanut Hay (Good)

13

71

10.6

Peanut-Oilcake Meal

40

60

9.0

Peanut (Plants & Pods)

60

35

5.3

HPC 40 (Urea free)

14

70

10.4

HPC 60 (with urea)

5

58

8.7

Oat pastures

9

68

10.2

Oat hay

4

50

7.5

Oats

14 – 30

50

7.5

Oat straw

16

60

9.0

Chicken manure

4

44

6.6

Italian Rye grass

41

76

11.4

Eragrostis
(fertilized)

curvula

hay

Eragrostis curvula grazing
Barley green feed
Barley hay
Barley
Crushed maize (hominy
chop)
Grain Sorghum ears
Grain Sorghum hay (with
ears)
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Cotton Seed Hulls

13

50

7.5

Cotton Seed Oil Cake

11

65

9.7

Kikuyu Hay

18

80

11.9

Kikuyu Pastures

9

75

11.2

Wheat Pastures (Young)

13

80

11.9

Wheat
months)

15

67

10.0

4

45

6.7

42

85

12.7

24

70

10.4

21

60

9.0

11

45

6.7

19

55

8.4

10

45

6.7

4

54

8.1

7

69

10.3

13

58

8.7

13

78

11.7

3

53

7.9

8

65

9.7

9

84

12.5

6

63

9.4

13

56

8.4

7

45

6.7

Maize bran

12

65

9.7

Maize stover

4

60

7.5

Pollards

17

67

10.0

Rye Green feed

12

60

9.0

Rye Seed

13

76

11.4

Rooigras Hay (Poor)

4

50

7.5

Rooigras Hay (Good)

7

56

8.4

Sweetgrass Hay (Poor)

3

45

6.7

Sweetgrass Hay (Good)

9

56

8.4

Sweet Sioux

9

48

7.2

Pastures

(5

Wheat
Wheat Bran
Wheat Straw
Lupine Seed
Lucerne (Green)
Lucerne Leaves
Lucerne Hay Poor
Lucerne Hay Good
Lucerne Stems
Molasses (Cane)
Maize Cob Meal
Maize Hay (without cobs)
Maize Gluten meal
Maize Cob leaves
Maize silage (good)
Maize meal
Maize plants (with cobs)
Maize plants (dried)
Maize plants (stook)
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Sweet Sudan

7

50

7.5

Soyabean Hay (Poor)

8

42

7.8

Soyabean Hay (Good)

17

64

9.6

Soyabean Oil Cake Meal

44

78

11.6

Soyabean Seed

38

88

13.1

Sunflower Hulls

2

40

6.0

Sunflower Oil Cake Meal

38

76

11.4

Sunflower Heads

11

74

11.0

Sunflower Seed

17

80

11.9

Teff Hay (Poor)

6

50

7.5

Teff Hay (Good)

9

54

8.1

Prickly Pear leaves

2

56

8.4

Urea (NPN)

280

0

0

Veld Hay (Poor)

3

36

5.4

Veld Hay (Good)

9

59

8.8

Veld Grazing (Poor)

3

45

6.7

Veld Grazing (Good)

10

57

8.5

Fish meal

64

72

10.8

Voermol Molasses Meal

5

60

9.0

29
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Table 3 Maximum percentage low energy roughage (7.5 MJ/Kg ME) in ration when
the ration more or less provides in the energy requirements
Energy Requirement

N.B.

ME MJ/KG

PERCENTAGE ROUGHAGE

7.5

100

7.75

95

8.0

90

8.25

85

8.5

80

8.75

75

9.0

70

9.25

65

9.5

60

9.75

55

10.0

50

10.25

45

10.5

40

10.75

35

11.0

30

11.25

25

11.5

20

When HPC 60 is used, use 5% less roughage in ration.

When using higher energy roughage e.g. Eragrostis hay, use 5% more roughage in
the ration.
♥ Step 1: What are the nutrient requirements of this sheep? Look in Table 1.
Nutrient requirements of sheep
A sheep of 50 kg in her first 8 weeks of lactation with a single lamb requires:
Crude protein requirement

=

10,4

Energy requirement

=

9,7
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♥ Step 2: Look at the nutritive value of feedstuffs (Table 2)
Energy Content

Feedstuff

Crude protein content

Maize Stover (roughage 1)

4 ** ( 3)

7.5 ( 4)

Maize Stover (roughage 2)

-

( 5)

0.0 ( 6)

HPC (with urea)

60

( 7)

5.3 ( 8)

Maize meal

9

( 9)

12.5 (10)

HPC (without urea) 40

40

(11)

9.0 (12)

60

MJ/KG ME

♥ Step 3: Select a preliminary ration and determine its nutritive value
Total roughage content of preliminary ration (See Table 3:App A)50 %
Ratio of roughage 1
(13)

50 %

Ratio of roughage 2
(14)

--

Ratio of HPC (6,5 of 10%)*
(15)

%

6.5 %

Ratio of maize meal : 100 – (50(13) + .?. (14) + 6.5(15) ) 43,5 % (16)
Composition and nutritive value of preliminary ration A
Feedstuff

% CP

Maize Stover (roughage 1)
HPC 1

60

Maize meal

50 (13) ÷ 100 x 4
(3)
(5)

Total

- (14) ÷ 100 X –

6.5 (15) ÷ 100 X 60
(7) OR (11)

2.0 (17)
0.0 (19)
3.9 (21)
3.92 (23)

43.5 (16) ÷ 100 x 9
9.82
(25)
Feedstuff

ME MJ/KG

Maize Stover
(roughage 1)
HPC 1

60

Maize meal
Total

50 (13) ÷ 100 x 7.5 (4)

3.75 (18)

- (14) ÷ 100 X – (6)

0.0 (20)

6.5 (15) ÷ 100 X 5.3 (8) OR (12)
43.5 (16) ÷ 100 x 12.5

Metabolisable
Version: 01

0.34 (22)
5.44 (24)
9.53 (26)
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Deficit
Crude protein deficit
(27)

10.4

(1)

-

9.82

(25)

=

Energy deficit

(2)

-

9.53

(26)

=

0.17% (28)

9.7

0.58%

♥ Step 4: Correct energy deficit of preliminary ration and test its nutritive Value %
Maize Meal replacing roughage with lowest energy content: 0.17 (28) x 100 ÷
(12.5 – 7.5 (4)) = 3.4% (29)
Quantity roughage with lower energy content 50.0 (13) – 3.4 (29) = 46.6% (30)
Quantity maize meal 43.5 (16) + 3.4 (29) = 46.9% (31)
Nutritive value of preliminary ration B
Feedstuff

% CP

Maize Stover (roughage 1)

46.6 (30) ÷ 100 x 4 (3)

1.86 (32)

Maize Stover (roughage 2)

- (14) ÷ 100 X – (5)

0.0 (19)

HPC 1

3.90 (21)

6.5(15)

60

46.9 (31) ÷ 100 x 9

Maize meal

4.22 (34)

Total

9.98 (36)

Feedstuff

ME MJ/KG

Maize Stover (roughage 1)

46.6 (30) ÷ 100 x 7.5 (4)

3.50 (33)

Maize Stover (roughage 2)

- (14) ÷ 100 X – (6)

0.0 (20)

HPC 1

0.34 (22)

6.5(15)

60

46.9 (31) ÷ 100 x 12.5

Maize meal

5.86 (35)
9.70 (37)

Total

Deficit
Crude protein deficit
Energy deficit

9.7

10.4

(1)

-9.98 (36)=0.42% (38)

(2)

-9.70 (37)=0 MJ/KG (39)

♥ Step 5: Correct the protein of the preliminary ration and test its nutritive value
% Urea free HPC replacing roughage with lowest energy content
0.42 (38) x 100 ÷ (40 (11) – 4 (3)) = 1.2% (40)
Quantity roughage with lower energy content
46.6 (30) – 1.2 (40) = 45.4% (41)
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Composition and nutritive value of final ration
Feedstuff

% CP

Maize Stover (roughage 1)

45.5 (41) ÷ 100 x 4 (3)

Maize Stover (roughage 2)

- (14) ÷ 100 X – (5)

HPC 1

3.90 (21)

46.9 (31)

4.22 (34)

1.2 (40) ÷ 100 x 40 (11)

HPC 2 (Urea free)

0.48

Total

10.42

Feedstuff

ME MJ/KG

Maize Stover (roughage 1)

45.5 (41) ÷ 100 x 7.5 (4)

Maize Stover (roughage 2)

- (14) ÷ 100 X – (6)

HPC 1

60

Maize meal

3.41
0.0 (20)

6.5(15)

0.34 (22)

46.9 (31)

5.86 (35)

HPC 2 (Urea free)

1.2 (40) ÷ 100 x 9 (12)

Total

ν

0.0 (19)

6.5(15)

60

Maize meal

1.82

0.11
9.72

Tips for the selection of a preliminary ration
Legume hay more than 50% of roughage: Leave HPC from preliminary ration.
Legume hay only source of protein:
♥ Legume hay should then constitute at least 60% of the roughage.
♥ Legume hay replaces urea free HPC in step 5. Add calculations 14 and 40.
Hay other than legume hay:
♥ Include HPC in preliminary ration.
♥ HPC with urea, use a maximum of 6.5% HPC.
♥ HPC without urea, use 10% HPC.
Preliminary estimation of energy in ration:
Table shows the low energy content roughage (7.5 MJ/kg ME) in the ration
with corresponding expected energy content of the ration.
♥ When HPC 60 is used, use 5% less roughage.
•
•
•

When higher energy content roughage (8.1 + MJ/kg ME) is used, use 5%
more roughage.
Prevent disturbances: Roughage should preferably be not less than 40% and
definitely not below 20%.
Protein and energy should rather be slightly over supplied rather than under
supplied.
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♥ When silage is given to sheep:
•
•
•
•

Calculate the ration on a dry basis.
Multiply the quantity (%) by three to get it on an as fed basis.
The ratios will then be in kg and not percentage.
Silage should preferably not be more than 40% of the roughage on a dry
basis.
Learning Task
The class will be divided into groups of 3 or 4 people.
The facilitator will give go through the Feed Formulation calculation
provided above. This will be done step by step so that all learners
understand the procedure involved.

Please complete Activity 3.

Complete the quiz (Individual activity)
Complete the following simple feed formulation quiz in your own time.
A pregnant doe of 50 kg requires 4% of her body weight in dry matter.
The leaves of trees and shrubs that she eats contain approximately 70% dry matter.
However, because she is pregnant she needs a concentrate diet to make up for the
protein to allow the growth of her foetus and to get her udder in a healthy condition to
produce adequate milk.
The ratio of concentrate to browse in her diet should be 1:3. In other words, 25% of her
intake should be concentrate and 75% of her intake should be browse.
1.
How much dry matter (in kilograms) does this doe require per day?
2.
Of the total dry matter (in kilograms) how much of this feed should be
concentrate (in kilograms) and how much should be browse (in kilograms)?
Concentrate ____________________ Browse _____________________
3.
If you have 10 does that are pregnant and weigh 50 kilograms, how much
concentrate should you have on hand every day?
4.
How many 50kg bags of feed will you need to purchase and store for the last
month of the goats’ 5-month pregnancy (remember, the last month of pregnancy
is very important for foetus growth and preparation for milk production)? (Tip: a
month has 30 days)
5.
If a 50 kg bag of feed measures 20 cm x 40 cm x 70 cm, how much space will
you require in your storeroom for one month of feed?
6.
How would you prepare your storeroom to receive this feed, and what system will
you put in place to check the level of feed in your storeroom?
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Questions that I still would
like to ask

Specific requirements for nutrients
of different species and/or
production categories, maintenance
or stimulation are distinguished
between.
Nutrient imbalance signs are
recognised.

Animal feed tables are interpreted.

My Notes …
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
..................................................................................
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Feed manufacturing and processing
After completing this session, you should be able to:

SO 3: Perform the calibration and adjustment of feed
manufacturing and processing equipment.
In this session we explore the following concepts:
♥
♥

3.1

Adjustments required for mixing feeds.
The operation of feed manufacturing equipment.

Introduction
The principal objective in feed mixing is to assure that an animal receives all of its
formulated nutrient allowances every day. Uniformity of particle size and number of
particles per unit weight are important considerations for assessing mixing
accuracies of the various micro ingredients. Many of the micro ingredients
(particularly feed additives) are expensive and elevated levels may be toxic. Thus, a
small uniform particle size is a very important criterion in the selection of micro
ingredients.

3.2

Adjustments required for mixing feeds
Many of the problems in feed mixing are due to differences among feed ingredients
in particle shape, size, and density. Feed ingredients with similar sizes and densities
tend to blend easily and quickly. For example, ground or cracked grains have
densities similar to that of the oilseed meals. Consequently, there is usually very little
difficulty in obtaining a uniform blend of these feed ingredients. Minerals on the
other hand have densities which are vastly greater than that of grains and oilseed
meals. Feed additives have intermediate densities, but very fine particle sizes.
Forages have low densities, and highly varied particle shapes and sizes. This
diversity of physical form and density of individual feed ingredients complicates the
preparation of uniform feed mixes.
Feed additives and vitamins pose a special problem for obtaining a uniform feed mix.
Their densities are more similar to that of ground grain and oilseed meals. Thus,
uniform mixing should not be so problematic. However, they are included in the mix
at very low levels.
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This presents a unique problem with respect to spacial distribution. Following a few
simple guidelines in feed formulation can minimize the risk of inadequate spacial
distribution of critical micro ingredients.
ν

Guidelines for mixing feed
♥ Premix
Premix micro ingredients such as feed additives, vitamins, and trace
minerals with a suitable diluent prior to their inclusion in a supplement.
Diluents serve to dilute the micro ingredient and thereby facilitate the rate of
mixing.
Examples of suitable diluents include the macro minerals typically
incorporated in a feed mix (i.e. salt, limestone, di-calcium phosphate,
magnesium oxide). Diluents should be dry in order to permit a more uniform
dispersion of individual micro ingredient particles. Moisture must be avoided
as it may cause entrainment and clumping (hygroscopic compounds such as
urea are not suitable diluents). The premix (micro ingredients plus diluent)
should represent 3%, by weight, of the supplement. Premixing may be done
by hand in a large container. However, it can be preformed more easily and
efficiently by means of a small portable cylinder mixer (cement mixer).
Protective clothing, gloves and dust mask should be worn when handling
micro ingredients.
♥ Supplement
Prepare a supplement. This supplement will contain the premix, a suitable
carrier, and the remaining minor dry ingredients in the diet including
minerals, urea, and supplemental protein sources.
Carriers are feed ingredients, which combine, with the micro ingredients in
the premix to alter their physical characteristics. By adsorbing to the carrier,
the very fine particles of the micro ingredients are allowed to move more
rapidly and uniformly through the mix. This rapid movement of micro
ingredients through the mix is important to assure adequate distribution
prior to addition of molasses.
Carriers should have physical properties comparable to ground grain or
oilseed meals. Indeed, both of these may be used as carriers. However, the
adsorptive properties of ground grain and oilseed meals are low. This
limitation may be overcome by first combining 2% fat to the ground grain or
oilseed meal before blending with the premix. The thin film of fat covering
the carrier will facilitate adsorption of the micro ingredients in the premix.
Excellent carriers for micro ingredients include poultry litter, rice hulls, wheat
bran, vermiculite, alfalfa meal, ground maize cobs, and beet pulp. The
amount of carrier to include in the supplement will depend on the “space”
available in the diet formulation. The supplement should comprise a
minimum of 3% by weight of the finished feed.
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In preparing the supplement, first add the carrier, and then add other major
ingredients until they reach the central shaft line, then add the premix and
other minor ingredients, and finally add the remaining major ingredients.
Mixing volume and mixing time will depend on the specifications of the
particular mixer being used. Although some mixers will mix feed very
efficiently at low volumes, most do not. Review the literature regarding your
mixer and then see that the volume of feed being mixed and mixing times
are optimal for the mixer. Be careful not to under fill or overfill the mixer.
♥ Finished feed: Finished feed may be prepared as follows:
•
•

•
•
•
•
•

Add the grain portion of the diet to the mixer;
Add the dry supplement (remember that the supplement should comprise a
minimum of 3% of the finished feed) to the centre of the mixer (if possible,
add supplement on the opposite end of the mixer to where the feed is
discharged);
Allow feed to mix for a minimum of 1 minute;
Add forage component of the diet;
Add fat component of the diet;
Add molasses or liquid component of the diet;
Allow to mix for the time specified for the mixer (usually not less than 8
minutes).
Note: As previously explained, the reason that the supplement is added to
the grain portion of the diet prior to the addition of forage is because the
grain and supplement have similar particle size and densities. Accordingly,
the supplement will distribute itself quickly through the grain. This increased
dilution of the supplement prior to the addition of forage and liquid feeds
will enhance the spacial distribution of micro ingredients in the complete
feed while shortening mixing time.

♥ Adding molasses
Molasses is a common ingredient in diet formulations. However, it is highly
viscous and this presents several problems in feed mixing. Indeed, if added
to the diet improperly it can cause marked increases in the variation of the
equal distribution the micro ingredients through the feed mix.
Molasses should be added to the mixer as the last step in formulation. If the
molasses is added to the mixture before the supplement has had a chance
to mix with the other major ingredients in the diet it may result in
entrainment of sequestering of the micro ingredients. This will increase what
is called the “Poisson Error” or the variance associated with decreased
spacial distribution of micro ingredient particles.
Furthermore, if molasses is added to the mixer before it is adequately filled,
it will come in contact with the mixer itself, adhering to the sides of the
mixer and moving parts, thereby decreasing mixer efficiency and,
necessitating more frequent cleaning. Whereas the obvious challenge with
molasses addition to the mix is the formation of feed balls or clumps, the
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more real problem in terms of animal performance is the potential increase
in poor distribution of the micro ingredients if the molasses is not added in
the proper order.
Black strap molasses (standardized at 80E Brix) is particularly viscous. The
efficiency of mixing black strap molasses with other dietary ingredients will
be enhanced if it is first diluted with water (i.e. dilute to 70E Brix).
The viscosity of molasses is markedly reduced by heating. For example,
raising the temperature of molasses from 23E C to 27E C (an increase of
only 4%) will reduce the viscosity of molasses 50%. Molasses should not be
heated to temperatures in excess of 43E C, except for very short periods of
time, as this may cause caramelisation.

3.3

The operation of feed manufacturing equipment
Good mixing begins with an understanding of the equipment used. Feed mixing
equipment can be divided into two broad types: continuous and batch. The
continuous mixing systems used on swine farms are metering mills. These mills
meter ingredients into a mixing auger in set proportions. Batch mixing systems mix a
set amount depending on their capacity. Most continuous systems are stationary,
while batch systems can be stationary or portable. Mixing procedures are totally
different for batch and continuous systems.
ν

Continuous Mixing Systems
The big advantage of a continuous mixing system is its automatic operation. Once
you start the mill, it mixes until it runs out of ingredients, fills a finished feed bin, or
is turned off. The main unit of this system is the proportioner, which controls the
volume of each ingredient added. This proportioner must be routinely calibrated for
the proper mix. Changes in ingredient density (that is, changes in test weight) will
change the proportions by weight and therefore the nutrient content of the mix. For
example, if you calibrate a mill for maize weighing 56 kg per bag, and the next load
of maize weighs only 54 kg per bag, the diet that should have 1,700 kg of maize
only contains 1,640 kg.
These mills are calibrated by two simple methods. The first method consists of
weighing the amounts of each of the ingredients being metered in simultaneously.
Place a weighed container under each ingredient auger. Divert the ingredients into
the container, and then run the mill. When you collect an ample supply of the least
ingredient (2 to 5 kg), turn the mill off. Weigh each ingredient, and then subtract the
weight of the containers. Add the weights of each ingredient together, and then
divide that number into 2,000. This gives a factor to use in correcting the amounts
collected to a ton basis. Multiply this correction factor by the weight of each
ingredient collected. The resulting number is the amount of that ingredient being
added to a ton of feed.
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5 kilograms of base mix
55 kilograms of maize
40 kilograms of soybean meal

Total collected =

100 kilograms

The feed formula is for 2,000 kilograms, so divide 2,000 by 100 for a conversion factor of
20. Multiply the weight of each ingredient collected times 20 to get the amount per ton:
5 base mix x 20 =

100 kilograms of base mix

55 maize x 20 =

1,100 kilograms of maize

40 soybean meal x 20 =
TOTAL =

800 kilograms of soybean meal
2,000 kilograms

Compare the amount per ton for each ingredient with the formula and make needed
adjustments.
The second method works best when there is a wide range in ingredient levels. Run
each ingredient for the same length of time. When each ingredient has been
collected, determine the weight of the ingredient less the weight of the container.
Add the ingredient weights and divide into 2,000 (same correction factor as above).
Multiply each weight by the correction factor. This gives the diet formula in
kilograms per ton.
In both cases, the adjustments depend on the make and model of the machine. The
adjustments needed are in the owner's manual. If one is not on the farm, contact
the equipment dealer or company representative.
Continuous mixing systems are only as good as the operator. Every part of the
system must be working properly to produce quality feed. You must carefully
calibrate the mill, analyze samples of mixed feed, and frequently check the system
to produce quality swine feed.
ν

Batch Mixing Systems
Batch systems take more time but generally are more accurate because each
ingredient is weighed. Vertical mixers are more popular than horizontal mixers
because they take less space. Horizontal mixers typically provide a better mix and
have a shorter mixing time. Some stationary systems combine both a horizontal
mixer for combining ingredients used in small amounts and a vertical mixer for
mixing the complete feed.
The mixing accuracy of a horizontal mixer is because of its mixing action. Horizontal
mixers have one of two mixing mechanisms--a ribbon (Figure 1) or paddle (Figure
2). Both will provide a good mix, but the ribbon provides a more uniform final mix.
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Figure 1. Horizontal mill with ribbon mixing.

Figure 2. Horizontal mill with paddle mixing.
Ribbon and auger mixers operate most efficiently if they are filled to 70 to 90% of
capacity. With paddle mixers, satisfactory mixing may be obtained at much lower
levels of loading (25% of capacity). However the application of fat and/or molasses
to mixers that are not adequately loaded may cause coating of the sides of the mixer
and mixer bars, resulting in decreased mixer efficiency and contamination. The
mixer should not be overloaded. Overloading the mixer will cause some of the feed
to float above the mix and not blend properly. With paddle and ribbon mixers the
mixer bars should rise at least 12 cm above the level of the mix.
Improper mixing can also occur if the tolerances between the mixer bars and the
sides of the mixer are not set properly. Mixers are factory-set with an agitator
clearance of .3 to .9 cm. If that clearance increases to 1.3 cm, mixer efficiency will
be impaired. Mixers should be visually inspected periodically. Establish a set
schedule for inspecting the mixer. Worn paddles and ribbons should be replaced.
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Figure 3. Mixing action of a vertical feed mill.
The chances for mixing errors are usually greater when using vertical mixers. Figure
3 is a simplified drawing of a vertical mixer at work. Ingredients enter the mixer, are
carried to the top, and then dropped into the mixing area. This action makes it
difficult to properly mix ingredients added in small amounts (40 kilograms per ton or
less). Blend these ingredients with another ingredient (grain, soybean meal) before
mixing.
Because of the design, 10 to 20 kilograms of the first ingredient added to the mixer
may never be mixed because the mixing auger never picks it up. Two additional
steps to the process solve this problem. First, avoid adding ingredients used at 200
kilograms or less to an empty mixer. Then, just before mixing is complete, auger out
about 50 kilograms and put it back in the mixer. These two practices will reduce the
chances of a feeder being filled with straight premix, base mix, soybean meal, etc.
Portable mixers and stationary mixers in some conditions pose other problems. It is
tempting to weigh all ingredients except the grain, put them in the mixer, and then
fill the mixer with grain. It is impossible to measure weight by measuring volume in
grain. Another problem is running the mixer until the grain is ground and then
shutting the mixer off. The feed must mix at least 5 minutes after the last of the
grain is in the mixer. For most mixes, the time should be 7 to 10 minutes, depending
on the model of the mixer and the amount of feed being mixed. Over-mixing can
lead to feed separation in some farm conditions. More importantly, it increases the
amount of fuel or electricity used, therefore increasing the cost of mixing.
Do not deviate from proper mixing times. If possible have mixing time controlled by
a timer. Mixing time increases with the level of liquid feed added to the mix. This is
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because the mix becomes more viscous, slowing down the flow of ingredients
through the mix. This problem accentuates when the level of molasses added to the
mix exceeds the absorptive capacity of the mix. Thus, the level of molasses
employed in a diet formulation should be considered not only with respect to relative
cost of the molasses, but also with respect to practical mixing time and the
acceptable distribution of the limiting micro ingredient throughout in the mix.
Still another problem is scales. Many portable mixers do not have scales. Scales are
expensive and require frequent maintenance. However, the cost of scales is more
than offset by the improved quality of feed when scales are used. Balance manual
and electronic scales frequently. Scales for portable mills are designed for rough
conditions, but they are still delicate instruments. Check the accuracy by adding a
known weight of ingredients. If scales are not weighing accurately, have them
repaired.
Please complete Activity 4:

Individual written assignment
To be able to understand the working of an animal feed factory it is necessary to visit a
factory so that everything can be explained, observed and questioned. By arrangement,
the facilitator will take you to an animal feed factory. Be attentive; ask questions, make
sketches of the equipment that you see, draw process flow diagrams to illustrate the
movement of feed ingredients through the entire process. Try and answer the following
questions:
1.
The origin of all the ingredients that they use in the factory.
2.
The transport and the way the raw products are received.
3.
The storage of the raw products.
4.
The preservation of the raw products as well as the finished products.
5.
The control of pests such as insects and rodents that may damage the raw
products.
6.
The handling of the raw product during the process. How they make sure that
the correct amount of the product is mixing in the correct ratio.
7.
How they make use of alternative products to replace a product that is not
available at that time.
8.
How they mix small amounts into big amounts.
9.
Their quality control methods to ensure that the finished product meets the
minimum requirements of the product.
10. How they handle the roughage that they use to produce complete feeds.
11. How they use concentrates and handle them.
12. Make sure that you understand how they make use of computer programs to
balance their rations.
13. Make sure that you understand what types of rations they produce and why are
some of the rations sold in bulk form and others in bags.
14. Ask the persons what the expected shelf life of their products is.
15. Ask the person to give a brief explanation of the different acts that regulate the
feed industry or where you can get the act.
16. After your visit to the commercial feed factory, feed mill or feed manufacturer,
write a short assignment on your visit and hand in as part of your portfolio of
evidence.
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Questions that I still would
like to ask

Appropriate adjustments on feed
equipment for
mixing/manufacturing of relevant
feeds/mixes are performed.

Complex adjustments of feed
equipment for maintenance of feed
quality are calibrated.

Feed manufacturing and processing
plants, equipment and machinery
are operated.

Feed processing or manufacturing
systems are recommended.

My Notes …
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .
..................................................................................
..................................................................................
..................................................................................
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The principles of feed preservation
After completing this session, you should be able to:

SO 4: Explain the principles of feed preservation.
In this session we explore the following concepts:
♥
♥
♥

4.1

Factors influencing feed preservation or spoilage.
Feed quality.
Feed preservation techniques.

Introduction
South Africa is known for seasons where abundant feed production takes place, and
seasons where high quality feed is scarce. It stands to reason then that feed should
be collected and preserved during the seasons of plenty so that ample feed is
available during times of scarcity.
In general, South African livestock farming, especially ruminant production, takes
place under extensive conditions. It is in these farming systems that feed
preservation is most often practised. In South Africa the most common forms of feed
preservation are the making of hay or silage.
In contrast, the production systems of pigs and poultry are intensive. In these
systems the feeds provided to mono-gastric animals are manufactured either by the
farmer or commercial feed manufacturers. This has allowed the formulation of feeds
for mono-gastric animals to the level of precision where particular amino acids are
perfectly balanced to meet the requirements of mono-gastric animals at a particular
level of production.

4.2

Factors influencing feed preservation or spoilage
The success of haymaking depends on the rapid and almost complete removal of
moisture from plant material. It is thus highly dependant on hot, dry weather.
Several factors influence the final quality of hay. These include:
♥

The type of material from which the hay is produced. Hay made from legumes
is obviously higher in protein than hay made from grass or grain materials.

♥

The growth stage at which the material is harvested. As a plant matures its dry
matter content increases, its fibre content increases and its digestibility
decreases.
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♥

The method used to make the hay. Methods include, sun-drying, drying in a
shed with warm air, drying in a shed with cool air or artificial drying.

♥

The form in which the hay is fed to the animal. More wastage and poorer
intake occurs with hay in the long form, versus hay which has been chopped,
ground and pelleted. Hay fed in the long form is also often prone to selection
by the animal (in other words the animal selects the tastier bits and leaves the
bits that are less palatable). Chopped and pelleted hay also takes up much less
storage space.
When feeding hay, the farmer should always be on the look-out for moulds
(perhaps if the bale was accidentally wet during storage). Moulds are
particularly dangerous to pregnant animals and horses.
The success of silage making depends on the ability to preserve plant
material in a wet form. It does not depend on the weather for its success.
Several factors influence the final quality of silage. These include:
The type of material from which the silage is produced.
The dry matter content of the material that is ensiled.
The rate at which the required pH is reached.
Whether anaerobic conditions in the silage is maintained.
Whether the silage is protected from rain and sun.
The size of the particles that are ensiled since this influences the degree to
which the material can be compacted and thus has a direct influence on the
anaerobic circumstances in the silo.

•
•
•
•
•
•

4.3

Feed quality
Feed quality is dependant on both the original plant material and also how the
material has been processed to arrive at the final feed.
ν

Problems that might arise in rations include;
♥

Mold growths that can grow on feed crops before or after harvest and on
feeds during storage. These may result in the production of mycotoxins (the
most important being aflatoxin). Sometimes molds form in feeds such as
maize, peanuts, cottonseed and ryegrass. Some animals such as cattle can
tolerate a little mold in their rations but molds are particularly toxic to horses
and pregnant animals.

♥

The presence of anti-nutritional factors. These may include:
•
•
•
•

♥

Factors affecting protein utilisation and digestion e.g. tannins
Factors affecting metal ion utilisation
Anti-vitamins
Others such as saponins (lucerne), cyanogens, alkaloids, photosensitizing
agents, isoflavone

Contamination with poisons or poisonous plants such as oleander can cause
problems in mixed or complete feeds.
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♥

When plant material is harvested mechanically small animals such as frogs,
mice and even snakes may get killed in the process. They end up in the bulk
feed bins and are processed along with the feed.

♥

If the quality of the original plant material is poor then the preserved feed, or
the mixed feed ration manufactured there from will also be of poor quality. In
this sense poor quality feed may include a raw material like lucerne that is
harvested at a mature stage, when it is very dry and has already lost most of
its leaves.

Feed preservation techniques
ν

Silage
The normal process of making silage depends on the transformation of soluble
carbohydrates in the plant (or which are added to the silage) into lactic acid so that
the pH of the silage drops to approximately 3.8 to 4.2. Well made silage has a lactic
acid content of approximately 8 to 12% of dry matter. Silage at a pH of 4 is stable
and can be preserved indefinitely as long as the anaerobic conditions in the silo are
maintained. If rain enters the silage or if the lactic acid concentration is too low,
then a secondary clostridium-type fermentation ensues where lactic acid is converted
into butyric acid. Silage in which this spoilage has occurred has a pH higher than 5
and has a bad taste and smell. Because this secondary type of fermentation can only
take place in the presence of moisture, it is often recommended to wilt the plant
material before ensiling and in this way reducing the moisture content of the plant
material to between 65 and 70%. If the plant material, which is to be ensiled, does
not contain enough carbohydrates (for example, if lucerne is to be ensiled versus the
more common maize silage), then external carbohydrates can be added. This can be
done by adding 2 to 3 percent molasses to the mixture and mixing well (20 to 30 kg
of molasses per ton of silage) or by adding 45 to 55kg of maize meal to the mixture
and mixing well. A well-made silage smells of fresh apples.
Any moisture rich material can be ensiled if adequate carbohydrates are available.
Also, the material must be chopped fine enough to allow effective compaction to
ensure that anaerobic circumstances are maintained in the silo. Materials as diverse
as the leaves and trunks of banana trees, a mixture of oranges and cabbage,
cosmos flowers, sugar cane tops, citrus prunings, and mango prunings have been
successfully ensiled during research aimed at small scale farming at the Animal
Nutrition and Products Institute of the Agricultural Research Council at Irene.

ν

Drying
Plant material should be cut several times during the growing season. The quality of
the hay is directly dependant on the stage of maturity of the plant when harvested:
the younger the plant the higher the final hay quality will be. However, it must be
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remembered that younger plants are higher in moisture and thus that the drying
process will take longer. Drying takes place on hot, sunny days, and ideally with a
light breeze. The hay rows should be turned on the land several times to allow the
hay to dry on all sides. When the hay is completely dry it can be raked and baled.
Hay should be stored out of direct sunlight and away from moisture and pests such
as birds and rodents.
Please complete Activity 5:
Written assignment

Although Africa, including South Africa, is known for its seasonal droughts and times of
feed scarcity, very little feed preservation takes place in small holder agriculture. You
have realised that this is a simple and yet very useful technology, which can do much to
reduce famines and hardship for livestock owners.
Because of your conviction in this regard you have been approached by the
Comprehensive African Agricultural Development programme (CAADP) of NEPAD (New
Partnership for Africa’s Development) to prepare a short, informative leaflet regarding
the benefits, methodology and simplicity of feed preservation. Keep in mind that many
of the small farmers that this pamphlet will serve cannot read or write. Be creative!
The bit of writing on the pamphlet will be translated into several languages by CAADP to
serve the small farmers in various countries.

Concept (SO 4)

I understand
this concept

All the various influences on
effective feed preservation or
spoilage are identified and
explained.
Factors affecting feed quality are
identified.

Various feed preserving techniques
are applied and implemented.
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Quality control measures that affect
feeds
After completing this session, you should be able to:

SO 5: Apply quality control measures that affect feeds.
In this session we explore the following concepts:
♥
♥

5.1

How to sample and evaluate animal feeds.
Maintaining feed quality through the application of good manufacturing
practices.

Introduction
Quality control in feed production is of utmost importance in the overall success and
profitability of animal enterprises. There is no other factor, directly or indirectly
related to the proper nutrition and high performance of animals that is more critical
than feed quality control and ration consistency. The degree of quality is the
consistency in which feed is formulated, processed, mixed and delivered as
compared to what is expected. Animals thrive on a routine and respond better if the
feed is low in nutrient variation as offered to them; and is similar in moisture
content, texture and rate of energy availability.
Quality has been defined as "any of the features that make something what it is"
and "the degree of excellence which a thing possesses". Either definition may be
acceptable if one recognizes that quality control means knowing the quantitative
amounts of all components, good and bad, in a feed. Usually, quality is verified by
comparison with a known standard. However, relative values of quality over time is
extremely valuable and useful in many situations.
The relationship between feed quality and animal performance is important and
encompasses not only the quantitative amounts of all feed components, but also the
digestibility and metabolism of those components. Thus, the challenge for
nutritionists and others involved in animal feed production is to consistently monitor
all aspects of the feed production system being used and measure those variables
that are good indicators of quality control. For the feed industry, a quality control
system is the responsibility of management and involves personnel being properly
trained to ensure a high level of organization, documentation, and the policing of
various procedures and processes necessary to guarantee the basic quality of
feedstuffs and feeds.
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How to sample and evaluate animal feeds
Quality control of incoming ingredients is crucial to predicting the quality of a
complete feed, supplement, premix, etc. An important first step is accurate sampling
and complete examination of the ingredient prior to unloading. Sampling and
inspection procedures need to be in writing and kept in a Quality Control Procedures
Manual.
The goal in sampling any lot of ingredients or finished feed is to obtain samples that
are representative of the lot in question. A wrong answer -- which may arise from
incorrect sampling, incorrect handling of samples, analytical error, etc -- is worse
than no answer. Thus, it is our responsibility to know proper procedures and
techniques for sampling to be sure that correct formulations can be made.
ν

Sampling
Below are some suggested sampling procedures for bulk ingredients and mixed
feeds, bagged ingredients and mixed feeds, hays, and syrups and fats.
♥ Bulk Ingredients and Mixed Feeds
•
•
•

Take a minimum of three, 2 kg samples.
Each 2 kg sample should be the composite of several cores taken randomly
from the delivery truck, bull storage bin or feed bunk, as applicable.
Duplicate determinations are recommended for all variables measured.

♥ Bagged Ingredients And Mixed Feeds
•
•
•
•

Use slotted feed tier for sampling and take one kg samples.
For lots of one to ten bags, sample all bags.
For lots of eleven or more, sample ten bags.
Analyze a minimum of three samples and average the results.

♥ Hays
•
•
•

For chopped hay, take ten samples per lot.
For cubes, take forty cubes from a given population.
For bales, take one 30cm to 50cm core from the end of forty bales in a given
population.

♥ Syrups And Fats
•

Use a continuous flowing sampling procedure at the point of delivery, or a
core liquid sampler.
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Evaluation
Establishment of a retention schedule is recommended for all ingredients and mixed
feed samples.
Separate analytical analyses should be routinely performed on samples of the
following for quality.
♥

Water

♥

Grains

♥

Roughages

♥

Silages

♥

Protein supplements

♥

Mineral mixtures

♥

Vitamin premixes

♥

Molasses and fat

♥

Specific feed additives

As a starting point for insuring quality in feedlot rations, all incoming feed
ingredients should be quality checked for the following.
♥ Moisture
♥ Colour
♥ Off odour
♥ Presence of foreign material
♥ Texture and uniformity
♥ Evidence of heating
♥ Deterioration due to biotoxins
More detailed analyses are performed on individual feed ingredients for the purpose
of feed formulation, and sometimes before the purchasing of commodities if the
seller does not provide this information. Analyses that usually are considered to be
routine for the different feed ingredients include:
♥ Grains - grade, moisture, protein, ash.
♥ Grain by-products - moisture, protein, ash.
♥ Dry roughages - moisture, protein, ash, and acid detergent fibre.
♥ Silages - moisture, ph, temperature, protein, ash.
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♥ Protein supplements - moisture, protein, ash, non-protein nitrogen.
♥ Mineral mixtures - moisture, specific nutrients.
♥ Molasses - moisture, ash.
♥ Fats - moisture, free fatty acids, impurities, unsaponifiables.
Determining the variation in the four major areas that affect feed consistency can
derive an overall evaluation of feed quality delivered. They are:
♥ Variation of incoming ingredients.
♥ Variation in feed mixing efficiency.
♥ Variation in efficiency of delivery of mixed feed from mixing point to the animals.
♥ Variation in analytical procedures.

5.3

Maintaining feed quality through the application of
good manufacturing practices
The management of a feed mill has an obligation to uphold Current Good
Manufacturing Practices. The use and endorsement of appropriate and proper
procedures and practices in the production of feeds do not cost the feed industry,
they pay dividends. The feed mill manager is a key individual involved in the daily
activities associated with the management of people, facilities and resources, that
ensure the procedures appropriate for the production of feed in his/her feed mill are
enforced. The feed mill manager, as his/her supervisors and the people working
under their direction, have an obligation to the animal food industry to maintain high
quality standards in the production of feeds for animals -- to produce meat, milk,
eggs, etc. for the consumer.
Good Manufacturing Practices deal specifically with the manufacturing of any feed
containing one or more feed additives. If any feed obtains a feed additive, it is a
medicated feed. The feed mill management should have written instructions that
cover GMP's and quality assurance programs. Good Manufacturing Practices cover all
areas involved in the production of feeds including personnel, facilities, feedstuffs,
quality assurance checks, inventory control checks, processing methods, mixing
procedures, finished feeds, and feed delivery. Although commercial feed mills that
produce and sell a complete line of feeds to the general public have a somewhat
greater task in assuring quality and prevention of cross contamination of feed
additives, the obligation and importance in all feed mills are still great. Outlines,
checklists and procedures relevant to feed mill operations are presented below.
Personnel training are essential and should be conducted periodically to assure
compliance with procedures and insure quality of feed produced. These meetings
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usually are helpful in establishing and maintaining good morale and teamwork
among employees.
The feed mill and adjacent buildings must be of suitable construction to minimize
access to rodents, birds, insects and other pests, and located in an area that will
allow proper drainage. The building and grounds should be maintained as needed to
assure a clean work place for employees and for the production of feeds. Litter,
refuse, improperly stored equipment and supplies are hazards and should be
removed. The building must also provide sufficient space for facilities and personnel
to perform their job properly. Examples for the production of medicated feeds
include:
♥

Appropriate area for receiving and storing of ingredients and feed additives

♥

Adequate space for grain processing, etc.

♥

Appropriate space for feed mixing

♥

Reserved area for equipment maintenance

Equipment must meet safety standards and be properly installed. All scales and
metering devices must be tested for accuracy upon installation and at least once per
year thereafter. Equipment must be constructed and maintained to prevent
lubricants and coolants from contaminating ingredients or feeds. Excessive spills,
leaks and dust problems must be prevented.
Ingredients should be systematically monitored for quality factors throughout the
entire process of purchasing, receiving, sampling and handling. All ingredients
should be inspected for any abnormality that may result in a quality risk when added
to the feed, and representative samples taken for assays. During this handling of
ingredients, care must be taken to prevent contamination.
Feed additives and premixes require special handling and record keeping. Records
on feed additives received must show the following information:
♥ Name of feed additives, including potency.
♥ Date received.
♥ Amount in kilograms.
♥ Supplier's name.
♥ Supplier's code for feed additives (if applicable).
♥ Supplier's lot or code number.
♥ Return of any damaged or unacceptable feed additives.
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Other procedures that must be followed in the storage, handling and use of feed
additives include:
♥ Check each feed additive for identification. Do not accept unless properly
identified.
♥ Keep all feed additives and premixes stored in a neat and orderly manner for
easy identification. It is preferable to store feed additives in a separate room.
♥ Each bag or feed additive container must be coded with the supplier or company
code for that feed additive.
♥ Packaged feed additives in the storage area must be stored in their original
closed containers.
♥ Check bags for tears and any other abnormalities. Do not accept any feed
additives that are not in good condition.
♥ Feed additives in the mixing area must be properly identified, stored, handled
and controlled to maintain their integrity and identity.
♥ Clean up any spilled feed additives immediately, dispose of properly and record
in the Feed additives Inventory Record.
♥ Use a separate scoop for handling each feed additive.
♥ Feed additives and premixes must be used on a first received basis.
A daily inventory of feed additives and premixes is required. The Feed additives
Inventory Record should be completed at the end of each 24-hour period. One
should check usage of each feed additive against medicated feeds produced. The
feed additives container should be weighed before it is opened and every kilogram
of feed additive must be accounted for in usage or adjustment. (If a 20kg bag was
purchased but the feed additives amounts to 19kg, then list 1.0 adjustment). Other
adjustments could be due to improper weighing and spillage.
Cleaning processing and mixing of feed ingredients requires that personnel involved
by thoroughly trained and properly supervised. Considerations for proper GMP's
include the following.
♥ Screening of grains and use of magnets
♥ The grind should be as uniform as possible
♥ Flaking of grain should be accomplished with proper amount of steam,
temperature and roll tolerance
♥ Mixing directions should be standard for a feed mill. (Certain mixed feeds may
require specific directions)
♥ Prevention of contamination
♥ Checking for accuracy of all scales used for weighing ingredients (including feed
additives) at least once per year.
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Please complete Activity 6:

Complete the following quiz, by writing the letter of the correct answer into the column
following the numbered question:
No.
1
2
3
4

5

6
7
8
9

Question
Quality can be defined as the degree
of __________ that a thing
possesses
How many samples of chopped hay
per lot should be taken when
sampling?
All incoming feed ingredients should
be checked for:
Feed quality depends on the
quantitative amounts of the feed
components, and the digestibility and
________ of those components
GMP stands for:

All scales should be checked at least
this often
The purpose of accurate sampling is
to get a ______
sample of the feed
An inventory of all feed additives
used should be updated this often
All feed manufacturers should have
written __________

Concept (SO 5)

Correct answer
a. Good Manufacturing
Practices
b. metabolism
c. representative
d. excellence

e. Moisture, colour, off odour,
presence of foreign material,
texture and uniformity,
evidence of heating, biotoxins
f. daily
g. 10
h. Quality control procedures
i. Annually

I understand
this concept

Sensory and chemical quality
characteristics of preserved feed
are explained.
The ability to create on farm feed
quality standards for preserved
feed are demonstrated.
Animal feeds are sampled and
evaluated.
Spoilage in animal feeds is
identified.
Feed quality maintenance systems
are proposed.
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Feed standards
After completing this session, you should be able to:

SO 6: Apply the relevant standards of different purchased
feed ingredients and complete feeds.
In this session we explore the following concepts:
♥
♥

6.1

Compare the quality of feed ingredients and complete feeds with the
standards described in the Farm Feed Act (Act 36 of 1947).
Developing on-farm nutrient variability standards.

Introduction
The quality and standards of Feed in South Africa is controlled by the Fertilizers,
Farm feeds, Agricultural Remedies and Stock Remedies Act, 1947 (Act no. 36 of
1947). This act is available on the Agricultural Feed Manufacturers Association
website at www.afma.co.za. Obtain a copy of this act for this Session.

6.2

Compare the quality of feed ingredients and complete
feeds with the standards described in the Farm Feed
Act (Act 36 of 1947)
The Farm Feed Act gives specific requirements regarding:
♥ The registration of farm feeds (application, duration of registration, and renewals
of registration.
♥ Conditions for the registration of farm feeds:
•
•
•
•
•
•
•
•

Requirements for custom mixes.
Marking and labelling of Animal Feeds.
Invoicing.
Registration requirements for feed ingredients.
Registration requirements for enzymes, micro-organisms and their
preparation.
Publication or distribution of false or misleading advertisements.
Harbours and ports through which imports may occur.
Practices to be followed at establishments.
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General requirements for establishments.
Keeping of records.
Substances whose use is prohibited in mixed animal feeds.
Ingredients allowed in mixed animal feeds.
Undesirable substances with limited use in animal feeds.
Maximum and minimum levels of additives in animal feeds.
Additives in supplementary and concentrated animal feeds.
Maximum and minimum levels of stock remedies in animal feeds.
Stock remedies in supplementary and concentrated animal feeds.
Sampling of animal feeds.
Analysis methods.
Tolerances.
Offences and penalties.
Payment of fees.

Developing on-farm nutrient variability standards
As a farmer or farm manager it is your task to ensure that any feeds that you mix
yourself or which you acquire from a feed manufacturing company complies with the
legislation. This is to ensure the health of animals, but more importantly the health
of the public that consumes the products from the livestock. Also, international
sanitary regulations are becoming very strict especially regarding the use of feed
additives. It would be irresponsible to use a feed ingredient which is prohibited by
law and in doing so jeopardising the good standing of South African livestock
products internationally.
Remember, legislation does not only serve a prohibitory purpose; laws also provide
Good Practice principles which are useful guidelines to apply to your own farming
operation.
Please complete Activity 7:

Obtain the Farm Feed Act of 1947 (Act no 36) and Notice 498 of 2006 Annexure A
“South African Policy on Animal Feeds” from the AFMA website (www.afma.co.za).
Study these documents carefully and write a 1-page summary of those aspects that will
have practical implications for mixing of feed on your own production unit. For example,
if the feed you are mixing is for your own use only, the feed labelling regulations may
not be relevant to your situation. However, the use of certain feed additives is
prohibited and you will not be able to use these additives in your rations since your
livestock or livestock product will be sold for public consumption.
Note: The implications of the Farm Feed Act will be completely different between a
farm which mixes its own feed for own use and a feed manufacturing company that
manufactures farm feeds for sale.

Concept (SO 6)
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The ability to compare the quality
of feed ingredients and complete
feeds with standards described by
the Farm Feed Act (Act 36 of
1947).

The ability to develop on farm
nutrient variability standards.

My Notes …
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Feed evaluation and feeding management
After completing this session, you should be able to:

SO 7: Interpret the effects of feed evaluation results
towards feeding management decisions and future food
selection.
In this session we explore the following concepts:
♥
♥

7.1

Data required for nutrition management decisions.
Interpreting the data.

Introduction
Although Nutrient Requirement tables and Feed Composition tables (as supplied in
Appendix A) provide volumes of information that is useful in feed formulation, it
should be understood that the farm manager has a more comprehensive set of feed
management “tools” at his/her disposal. These “tools” can assist the farmer on a
daily basis to improve the feed management on the farm.
Remembering that feed is the most expensive input in a livestock production
operation, it makes sense that different methods should be employed to obtain the
most benefit out of feeds at the lowest cost.

7.2

Data required for nutrition management decisions
Several data types can be utilised by the farmer to make feed management
decisions. These include:
♥ Feed conversion ratios. Feed conversion ratios indicate the amount of product
produced per weight of feed consumed. To calculate feed conversion ratios the
daily weight gain of the animal should be measured and the weight of feed
consumed by an animal on a daily basis should be measured.
♥ Feed intake values. If an animal can be stimulated to consume a large amount of
feed, growth will obviously be enhanced. However, there are health and physical
(anatomical) limitations to the amount of feed that an animal can consume.
♥ Growth rate values. No production system can claim to be a production facility if
production is not measured (monitored) on a regular basis. Growth rates can be
measured weekly or monthly depending on the labour requirements, the facilities
available and the type of operation. Feedlot steers are often weighed when they
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arrive at the feedlot, and they are measured again at sale. Their daily gain is
estimated from previous experience and their market readiness is also measured
subjectively by experienced feedlot operators. However, where this “experienced
eye” is lacking, animals should be weighed at regular intervals to check progress.
♥ Nutrient composition of feeds and feed ingredients: It is good practice to send
feed ingredients for analysis on a regular basis. The nutrient composition of
purchased feeds can be determined from their labels, but feeds grown on the
farm need to be analysed.

7.3

Interpreting the data
ν

Feed conversion ratios
A feedlot steer may consume 15 kg of complete feed per day, whilst gaining 2.5 kg
per day. The feed conversion ratio in this instance is thus 6.8. In other words the
steer consumes 6.8 kg of feed for every 1 kg of live weight gain. If this live weight
gain is translated into carcass weight gain (one can assume a dressing percentage of
65%), then 1 kg of live weight gain translates into 650 g of carcass weight. Thus, for
every 15 kg of feed consumed 1.625 kg of carcass is produced.
Let us see whether this is a profitable situation. Let us assume that the feed costs
R1200 per ton. Thus, the feed costs for the feedlot steer is R18 per day (we are not
including the other costs of the feedlot such as labour, electricity, water, etc). If the
feedlot operator obtains R13.00 per kilogram live weight for his steer, the Rand per
kilogram carcass weight translates into R20. The feedlot operator can expect to
make R2 per kilogram of carcass weight gained by the steer. It is thus important
that the feedlot operator tries and obtains an optimal weight gain for the least
amount of feed. He cannot starve his animals (this would result in little weight gain)
so he must ensure that the feed conversion ratio is as low as possible. For example,
a chicken has a feed conversion ration of approximately 2! This means that the
chicken consumes 2 kg of feed for every 1 kg of weight gained. Imagine the
fantastic future feeds necessary if a feed conversion ratio of 2 could be obtained for
feedlot steers!

ν

Feed intake
Even when animals are fed in groups, estimates of feed intake per animal can still be
made. This is done by measuring the amount of feed provided to the group,
measuring the amount of feed left over by the group, and dividing the amount
consumed by the number of animals in the group. If animals are grouped according
to similar sizes and types then an assumption can be made that feed consumption of
individuals within the group are roughly the same.

Several methods can be used to stimulate intake of feed. Such methods include
pelleting of the ration (which reduces selection), adding palatable substances such
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as molasses, reducing the stressors in the environment of the animal (for example
removing animals that bully, allowing enough crib space, ensuring the health of the
animal) and reducing the dustiness of the feed.
ν

Growth rates
If regular weighing is done and all animal weights recorded it is possible to
determine whether there is a problem in the herd. For example, if your animals are
grazing on pasture with a feed supplement provided, and excellent weight gains are
obtained in the month of November, but poorer weight gains are obtained in the
month of December, this may be an indication that the grazing quality is reducing
and an adjustment must be made to the feed supplement. Or, it may be an
indication that the animals are experiencing an increased parasite load (e.g. tape
worm), and that they should be treated with anthelminthics.

ν

Nutrient composition of feeds and feed ingredients
If feed ingredients grown on the farm are analysed on a regular basis (monthly),
then it is possible to adjust the feed supplementation required (if any is required) to
match the nutrients already provided by the grazing. This manner of feed
management will provide the farmer with the best growth rates since he/she is not
overfeeding or underfeeding the herd. This is also a good method to manage the
costs of feed supplementation since supplementation will only be done when
absolutely necessary.
Please complete Activity 8:

Complete the following calculations (Individual activity):

•

You own a herd of 50 sheep which graze natural pastures. Half of them weigh 40 kg,
the other half weigh 50 kg. Assume that the dry matter intake of these sheep is 2.5%
of their body mass per day. Work out the dry matter feed requirements of this herd
for a one-month period (30 days).

•

Assume that the weight gain of the sheep weighing 50 kg is 150 g per day. What is
the feed conversion ratio of this part of your herd? Is this feed conversion ratio better
or worse than the feed conversion ratio of 6.8 given in the feedlot steer example
above? Why do you think this is so?

•

If you obtained a feed conversion ratio of 4 in your “SUPER” herd of sheep, how
much weight would they be gaining every day (both the 40 kg sheep and the 50 kg
sheep)?
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Questions that I still would
like to ask

The ability to understand the
concepts of the various applicable
data and information, as well as the
factors that may influence it.

The ability to interpret feed
evaluation results in terms of future
feed selection.

The ability to develop on farm feed
evaluation procedures and
standards.

My Notes …
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Feed flow planning
After completing this session, you should be able to:
SO 8: Apply feed flow planning principles.

In this session we explore the following concepts:
♥
♥

8.1

Seasonal production of feed ingredients.
Feed flow for animal requirements for maintenance and production.

Introduction
It is all very well to know how much feed an animal or a herd of animals needs. It is
also useful to know how to formulate rations for these requirements and to know
how to mix such rations. However, if feed is the most expensive input in a livestock
production system then the management of the feed throughout the production
cycle, where the correct nutrients are provided to the herd on an on-going basis,
becomes crucial. This is known as “feed flow”. How does the farmer plan this annual
feed flow?

8.2

Seasonal production of feed ingredients
In South Africa there is no area where feed from the natural veld is available in the
right quantities and quality all year round. However, with correct pasture
management, this feed resource is the most inexpensive feed resource and should
be used optimally. Where deficiencies in this resource occur, the farmer needs to
supplement those nutrients that are lacking. It should also be remembered that the
natural veld resource should be managed sustainably. That is why the word
“optimal” is used and not “maximum”. You cannot expect to extract the maximum
from the veld pasture without ruining it for the future. Thus, the correct stocking
rates, camp rotation and resting should be used to manage the natural pasture
resource for the future.
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Feed flow for animal requirements for maintenance
and production
ν

Determining the nutrient requirements of the production herd
When planning the feed flow for an operation it is first necessary to determine the
production cycle of the animal. In this way it becomes possible to ascertain the
general requirements of the herd over time. This can then be matched to the
provision of nutrients from the natural pasture at that same period and shortfalls can
be determined.
There are five important periods that need special attention during the production
cycle of a female small stock animal (sheep and goats):
♥ Dry: this is the period between weaning the offspring and being bred. During
this period, the female is regaining the weight lost while nursing the offspring.
She must reach a satisfactory condition score before being bred again. However,
the nutrient demand here is the lowest.
♥ Mating: flushing can be used to increase ovulation rate. Flushing involves
providing supplementary feeding 3 weeks before the male is introduced, and 3
weeks after they were introduced. If the herd is on the veld, flushing can be
accomplished by putting the females onto lush pasture, or by feeding pellets or
grain.
♥ Early gestation (1st 100 days): foetus growth is slow during this period. A
maintenance diet is enough and no ill effects will be found if the females are
grazing veld.
♥ Late gestation (last trimester): foetal growth is very rapid and the foetuses
gain 70% of their birth weight in this 50-day period. Protein and energy
requirements increase dramatically. In adverse weather conditions the farmer
should provide adequate feed for the pregnant females, to avoid losing offspring,
or to have offspring born in poor condition. During the 5th month of the
gestation period, daily gains of the female should range from 0.1 to 1.2 kg.
♥ Lactation: this is the most critical period. It is vital that the female’s
requirements are met, as the production of sufficient milk of good quality
ensures that the offspring are healthy, grow fast, and at the end of the day they
produce more meat, which means more money in the farmer’s pocket.
♥ Active growth stage of the young animal - A high quality feed should be fed
to young animals because the requirements for growth are high and the rumen
capacity at this stage is still a limiting factor. Poor nutrition during this stage can
lead to permanent stunting of the animal. Differences of nearly 20 percent in
mature body mass were obtained as a result of differences in nutritional
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treatment prior to four months of age. Also, the influence of pre- and postnatal
treatments were additive. This means that if the mother is fed well in the last
few weeks of pregnancy, and the young that are born are strong, then, if the
young are also fed well up to weaning, the final result will be even stronger and
healthier offspring.
ν

Determining the nutrient provision of the pasture
It is now necessary to match these to the nutritive value of the natural pasture and
see if any gaps occur.
If we assume that the small stock herd mentioned above is being produced in a
summer rainfall area such as the Northern parts of South Africa, the following
pattern emerges:
January

Pastures of high quality

High protein and energy

High parasite load

February

Pastures of high quality

High protein and energy

High parasite load

March

Pastures starting to
deteriorate

Decrease in protein

Parasite load reduced

April

Pastures deteriorating

Potential for frost
damage

Decrease in protein

May

Pastures of poorer
quality

Energy content still good

June

Pastures of poor quality

Energy content dropping

Higher cellulose and
hemicellulose

July

Pastures of poor quality

Energy content dropping

Higher cellulose and
hemicellulose

August

Pastures of poor quality

Energy content dropping

Higher cellulose and
hemicellulose

September

Very poor pastures

October

First rains – new growth
- rich in protein

Energy may be limiting

November

High quality pastures
rich in protein

Energy may be limiting

December

High quality pastures

Version: 01
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Filling the gaps
The nutrient requirements of the herd and the nutrient provision of the natural
pasture is now super-imposed on each other. Where a shortfall of nutrients occurs,
the pasture can be supplemented with either energy rich licks, or protein-rich licks as
required. As a general rule a salt lick containing minerals should be provided all year
round.
Keep in mind that with ruminants the farmer is actually feeding the micro-organisms
in the rumen and not the ruminant animal itself. Therefore all feed management
decisions should keep the livelihood of the micro-organisms in mind. For example,
any changes in feed should be done slowly over at least a seven day period.
Furthermore, inexpensive Non-protein Nitrogen sources such as urea (or sterilised
chicken litter) can be used instead of expensive protein resources such as lucerne,
fish meal etc. This is because the micro-organisms are capable of using these NonProtein Nitrogen resources in the synthesis of amino acids and proteins.
Please complete Activity 9:

Practical activity
Using the information provided in this session prepare a feed flow calendar for a herd of
sheep grazed in a summer rainfall area. Indicate where supplementation should occur
and what type of supplementation should take place. Assume that the female flock is
mated in March. Gestation in small stock is 5 months. Weaning takes place at 4 months.

• In the first session we have looked at the composition and functions of nutrient
components and feed ingredients.

• We have looked at the nutrient requirements of different animals and at the
•
•
•
•

requirements at different stages of the animal’s development.
We have looked at the manufacturing, and preservation of animal rations.
We have looked at the quality control of feed especially the quality control in a
factory.
We have looked at the balancing of rations for sheep.
We have looked at the importance of a well-managed feeding program.

Concept (SO 8)

I understand
this concept

The ability to distinguish seasonal
productivity of different feed
sources.
Feed utilisation and conversion of
different feed types are compared
and evaluated.
The ability to interpret feed flow
programmes to meet animal
stimulation, production and
maintenance requirements.
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Am I ready for my test?
♥ Check your plan carefully to make sure that you prepare in good time.
♥ You have to be found competent by a qualified assessor to be declared
competent.
♥ Inform the assessor if you have any special needs or requirements before
the agreed date for the test to be completed. You might, for example,
require an interpreter to translate the questions to your mother tongue, or
you might need to take this test orally.
♥ Use this worksheet to help you prepare for the test. These are examples of
possible questions that might appear in the test. All the information you
need was taught in the classroom and can be found in the learner guide that
you received.
1.
2.

I am sure of this and understand it well
I am unsure of this and need to ask the Facilitator or Assessor to explain what it means
Questions

1. I am sure

1.

What nutrients are known as the building blocks of
body structure?

2.

Name the 10 essential amino acids.

3.

Why is it not necessary to supply all the amino
acids requirements of a ruminant in its ration?

4.

Why is too much carbohydrates in the form of
starch dangerous for a ruminant?

5.

Name the two main groups of vitamins.

6.

What is the most abundant mineral in the skeleton
of the farm animal?

7.

Do all animals need Vitamin C through their diet?

8.

Name three factors which can influence an
animal’s nutrient requirements

9.

Define “Maintenance Ration”

10. What is the last ingredient that should be added to
a feed mixture?
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11. Name the two types of feed mixing systems
12. Name the two most common types of preserved
feeds
13. Name three factors which influence the quality of
hay
14. Name three problems that may arise in rations
15. Which acid is necessary for silage preservation?
16. What does GMP stand for?
17. What Act controls the Farm Feed industry?
18. Define “Feed Conversion Ratio”
19. The management of feed throughout the
production cycle is known as ______ planning.

My Notes …
. ...................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
....................................................................................
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Checklist for practical assessment …
Use the checklist below to help you prepare for the part of the practical
assessment when you are observed on the attitudes and attributes that you need
to have to be found competent for this learning module.
Answer
Yes or No

Observations

Motivate your Answer
(Give examples, reasons, etc.)

Can you identify problems and deficiencies
correctly?
Are you able to work well in a team?
Do you work in an organised and
systematic way while performing all tasks
and tests?
Are you able to collect the correct and
appropriate information and / or samples
as per the instructions and procedures that
you were taught?
Are you able to communicate your
knowledge orally and in writing, in such a
way that you show what knowledge you
have gained?
Can you base your tasks and answers on
scientific knowledge that you have learnt?
Are you able to show and perform the
tasks required correctly?
Are you able to link the knowledge, skills
and attitudes that you have learnt in this
module of learning to specific duties in
your job or in the community where you
live?

♥ The assessor will complete a checklist that gives details of the points that are
checked and assessed by the assessor.
♥ The assessor will write commentary and feedback on that checklist. They will
discuss all commentary and feedback with you.
♥ You will be asked to give your own feedback and to sign this document.
♥ It will be placed together with this completed guide in a file as part

of you portfolio of evidence.

♥ The assessor will give you feedback on the test and guide you if there are
areas in which you still need further development.
Version: 01
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Please assist the assessor by filling in this form and then sign as instructed.
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PURPOSE OF THE UNIT STANDARD
The learner must understand and apply the scientific and technical principles of animal nutrition, feed,
technology and feeding management. In addition they will be well positioned to extend their learning and
practice into other areas of agriculture.
Learners will gain specific knowledge and skills in animal feeding and nutrition and will be able to operate
in an animal production environment implementing sustainable and economically viable production
principles.
They will be capacitated to gain access to the mainstream agricultural sector, in animal production,
impacting directly on the sustainability of the sub-sector. The improvement in production technology will
also have a direct impact on the improvement of agricultural productivity of the sector.
LEARNING ASSUMED TO BE IN PLACE AND RECOGNITION OF PRIOR LEARNING
It is assumed that a learner attempting this unit standard will demonstrate competence against the
following unit standards or equivalent:
•
•
•
•

NQF
NQF
NQF
NQF

3:
4:
3:
4:

Explain elementary Animal Nutrition.
Explain Functional animal Anatomy and Physiology.
Maintain water quality parameters.
Plan and maintain environmentally sound agricultural processes.

UNIT STANDARD RANGE
Whilst range statements have been defined generically to include as wide a set of alternatives as possible,
all range statements should be interpreted within the specific context of application.
Range statements are neither comprehensive nor necessarily appropriate to all contexts. Alternatives must
however be comparable in scope and complexity. These are only as a general guide to scope and
complexity of what is required.

UNIT STANDARD OUTCOME HEADER
N/A

Specific Outcomes and Assessment Criteria:
SPECIFIC OUTCOME 1
Describe the composition and functions of specific nutrient components and feed ingredients.
OUTCOME RANGE
Nutrient components include but are not limited to amino acids, fatty acids, sugars, fibres, vitamins and
minerals.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
The key chemical features of nutrients are compared.
ASSESSMENT CRITERION 2
The functions of nutrients are explained.
ASSESSMENT CRITERION 3
The compositions and functions of various feed ingredient are compared.
ASSESSMENT CRITERION 4
Nutrient toxicity are explained and identified.
SPECIFIC OUTCOME 2
Interpret the nutrient requirements of different animal species and categories.
OUTCOME RANGE
This identification includes, but is not limited to fish, birds, mammals, insects, crustaceans, reptiles and
amphibians.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
Specific requirements for nutrients of different species and/or production categories, maintenance or
stimulation are distinguished between.
ASSESSMENT CRITERION 2
Nutrient imbalance signs are recognised.
ASSESSMENT CRITERION 3
Animal feed tables are interpreted.
SPECIFIC OUTCOME 3
Perform the calibration and adjustment of feed manufacturing and processing equipment.
OUTCOME RANGE
This identification includes, but is not limited to fish, birds, mammals, insects, crustaceans, reptiles and
amphibians as relevant to the context of application.
ASSESSMENT CRITERIA

ASSESSMENT CRITERION 1
Appropriate adjustments on feed equipment for mixing/manufacturing of relevant feeds/mixes are
performed.
ASSESSMENT CRITERION 2
Complex adjustments of feed equipment for maintenance of feed quality are calibrated.
ASSESSMENT CRITERION 3
Feed manufacturing and processing plants, equipment and machinery are operated.
ASSESSMENT CRITERION 4
Feed processing or manufacturing systems are recommended.
SPECIFIC OUTCOME 4
Explain the principles of feed preservation.
OUTCOME RANGE
Feed includes but is not limited to whole animals, animal products, natural vegetation and veld, planted
crops, pastures, hay, silage, dry concentrates, algeal cultures and complete feeds and supplements.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
All the various influences on effective feed preservation or spoilage are identified and explained.
ASSESSMENT CRITERION RANGE
Influences include but are not limited to weatherproofing, pest-control, fire prevention and fire protection
procedures, vandal proofing, preservation (freezing, cooling, dehydration, chemical or bacterial
preservation), escape proofing and theft proofing.

ASSESSMENT CRITERION 2
Factors affecting feed quality are identified.
ASSESSMENT CRITERION 3
Various feed preserving techniques are applied and implemented.
SPECIFIC OUTCOME 5
Apply quality control measures that affect feeds.
OUTCOME RANGE
All appropriate quality control measures.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
Sensory and chemical quality characteristics of preserved feed are explained.
ASSESSMENT CRITERION 2
The ability to create on farm feed quality standards for preserved feed are demonstrated.
ASSESSMENT CRITERION 3
Animal feeds are sampled and evaluated.

ASSESSMENT CRITERION 4
Spoilage in animal feeds is identified.
ASSESSMENT CRITERION 5
Feed quality maintenance systems are proposed.
SPECIFIC OUTCOME 6
Apply the relevant standards of different purchased feed ingredients and complete feeds.
OUTCOME RANGE
All relevant feed standards.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
The ability to compare the quality of feed ingredients and complete feeds with standards described by the
Farm Feed Act (Act 36 of 1947).
ASSESSMENT CRITERION 2
The ability to develop on farm nutrient variability standards.
SPECIFIC OUTCOME 7
Interpret the effects of feed evaluation results towards feeding management decisions and future food
selection.
OUTCOME RANGE
All relevant feed evaluation data e.g. feed conversion ratios, feed intake values and growth rate values,
nutrient composition of feeds and feed ingredients.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
The ability to understand the concepts of the various applicable data and information, as well as the factors
that may influence it.
ASSESSMENT CRITERION 2
The ability to interpret feed evaluation results in terms of future feed selection.
ASSESSMENT CRITERION 3
The ability to develop on farm feed evaluation procedures and standards.
SPECIFIC OUTCOME 8
Apply feed flow planning principles.
OUTCOME RANGE
All relevant fodder flow planning principles including natural vegetation, pastures and preserved fodder.
ASSESSMENT CRITERIA
ASSESSMENT CRITERION 1
The ability to distinguish seasonal productivity of different feed sources.
ASSESSMENT CRITERION 2
Feed utilisation and conversion of different feed types are compared and evaluated.

ASSESSMENT CRITERION 3
The ability to interpret feed flow programmes to meet animal stimulation, production and maintenance
requirements.

UNIT STANDARD ACCREDITATION AND MODERATION OPTIONS
The assessment of qualifying learners against this standard should meet the requirements of established
assessment principles.
It will be necessary to develop assessment activities and tools, which are appropriate to the contexts in
which the qualifying learners are working. These activities and tools may include an appropriate
combination of self-assessment and peer assessment, formative and summative assessment, portfolios and
observations etc.
The assessment should ensure that all the specific outcomes; critical cross-field outcomes and essential
embedded knowledge are assessed.
The specific outcomes must be assessed through observation of performance. Supporting evidence should
be used to prove competence of specific outcomes only when they are not clearly seen in the actual
performance.
Essential embedded knowledge must be assessed in its own right, through oral or written evidence and
cannot be assessed only by being observed.
The specific outcomes and essential embedded knowledge must be assessed in relation to each other. If a
qualifying learner is able to explain the essential embedded knowledge but is unable to perform the specific
outcomes, they should not be assessed as competent. Similarly, if a qualifying learner is able to perform
the specific outcomes but is unable to explain or justify their performance in terms of the essential
embedded knowledge, then they should not be assessed as competent.
Evidence of the specified critical cross-field outcomes should be found both in performance and in the
essential embedded knowledge.
Performance of specific outcomes must actively affirm target groups of qualifying learners, not unfairly
discriminate against them. Qualifying learners should be able to justify their performance in terms of these
values.
• Anyone assessing a learner against this unit standard must be registered as an assessor with the
relevant ETQA.
• Any institution offering learning that will enable achievement of this unit standard or assessing this unit
standard must be accredited as a provider with the relevant ETQA.
• Moderation of assessment will be overseen by the relevant ETQA according to the moderation guidelines
in the relevant qualification and the agreed ETQA procedures.
UNIT STANDARD ESSENTIAL EMBEDDED KNOWLEDGE
The person is able to demonstrate a basic knowledge of:
• Intermediate comprehension and understanding the roles of specific nutrients, ingredients and feed
components.
• Intermediate comprehension and understanding of nutrient requirement of different animal species and
categories.
• The understanding and interpretation of observed and measured quality characteristics and standards.
• Interpretation and application of on farm feed performance results.
• Develop communication skills - presentation of information.
• Develop interpersonal skills and supervision responsibility.
• Understanding of concepts and interpretation of carrying capacity, feed supply, fodder flow planning and
overall feed flow planning and external influences on feed supply.
• Understanding of feed processing.
• Understanding of appropriate feed regulations (Act 36 of 1947) .

UNIT STANDARD DEVELOPMENTAL OUTCOME
N/A
UNIT STANDARD LINKAGES
N/A

Critical Cross-field Outcomes (CCFO):
UNIT STANDARD CCFO IDENTIFYING
Problem Solving: relates to outcomes:
• Interpret the nutrient requirements of different animal species and categories.
• Perform the calibration and adjustment of feed manufacturing and processing equipment.
UNIT STANDARD CCFO WORKING
Teamwork: relates to all outcomes.
UNIT STANDARD CCFO ORGANIZING
Self-Management: relates to all outcomes.
UNIT STANDARD CCFO COLLECTING
Interpreting Information: relates to all outcomes.
UNIT STANDARD CCFO COMMUNICATING
Communication: relates to all outcomes.
UNIT STANDARD CCFO SCIENCE
Use Technology and Science: relates to all outcomes.
UNIT STANDARD CCFO DEMONSTRATING
Inter relatedness: relates to all outcomes.
UNIT STANDARD CCFO CONTRIBUTING
Self-development: relates to all outcomes.
UNIT STANDARD ASSESSOR CRITERIA
N/A
UNIT STANDARD NOTES
N/A
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