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Chapter 1
1.0 Background/ Introduction
Small holding livestock production in Ghana is constrained by
low quality feed resources. Available feed resources vary from
leguminous fodder to cereals, household waste, shrubs, forages
and agro-industrial by-products (AIBP). However, farmers feed
their animals mainly with cereal residues, household waste and
empty grain pods, which are fibrous and have low levels of
protein and minerals. As a result, animal’s performance is
reduced, prolonging the number of days to maturity and
slaughter. A recent feeding trial involving some selected farmers
in the Amantin community under the DFAT-CORAF project
showed a growth rate of 35g/day. This is lower than the average
62-85g/day recorded in literature. The study concluded that
ruminant feedstuff in the Amantin locality was of low quality
and therefore feed improvement programs must be introduced.
Although feed resources and AIBP (i.e. pito mash, groundnut
skin) are in abundance during the major cropping season,
farmers are unable to compound available feed resources to meet
the physiological needs of the animals. Again they are unable to
store excess fodder for dry season feeding where feed supply is
limiting in quantity.
Another issue of concern is the increasing uptake of plastic
sheets by free-ranging sheep and goats. This is known to cause
rumen impaction that leads to loss of animal.
Acknowledging the constraints in the production of small
ruminants in Amantin and Ghana in general, the project sought
to develop this manual which will guide farmers on feed
formulation and improvement techniques.
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Chapter 2
2.0 Feed formulation
Small ruminants (SR) are most prolific when fed a ration
balanced according to their nutritional needs. For SR production
to be productive, the available feed resources offered to SR
should be balanced with particular attention to the nutrients they
supply in order to meet the nutritional and physiological needs of
the animal.
This chapter will focus on feed formulation strategies involving
two or more feeds using Pearson square method. The feed
resources used in this exercise are the common feed resources
used by most smallholding small ruminant farmers in Ghana.
The principle of ration formulation using this method is the same
if one were to use it for other exercise involving other feed
resources.

2.1 Case study 1: Feed formulation involving only
two feeds
1. Draw a square and place the crude protein (CP) required
(13%) in the centre of the square.
2. Place cowpea haulm, (CH) (14% CP) on the upper left
corner of the square and maize stover (MS) (7% CP) on the
opposite side.
3. Find the difference between cowpea haulm and desired CP
in the mixture ignoring any negative sign (14 – 13 = 1). Do
the same for the
MS (7-13=6).
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4. Add the diagonal figures together (6+1). This gives the total
mixture required (7) in the specified units of weight.
Supposing the sheep/ goat weighing 15kg requires 3% of
body weight for maintenance, total feed offer per day is
given as:
Feed offer =

3
15
100

Feed offer = 0.45

~ 450 /

Figure 1 : Pearson square method
CH (14)

6
13

MS (7)

1
Total = 7

CH = x 450
CH = 385.7g DM

MS = x 450
MS = 64.3g DM

Assuming the air-dry matter for the CH and the MS is 90% the
actual quantities of CH and MS to offer on as-fed basis should be
as follows
Dry matter conversion factor (dmf)

= 100/ 90
= 0.9
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Quantities of CH and MS to feed on as-fad basis is as follows
CH 

385.7 385.7

 428.55 g
dmf
0 .9

MS 

64.3 64.3

 71.44 g
dmf
0.9

This means that for freshly harvested CH and MS,
428.55g of CH and 71.44g MS should be fed to meet the 13%
CP required for maintenance and growth.
For a sheep/ goat weighing 15kg with protein requirement of
13%, the farmer has to weigh 428.55g CH and 71.44g MS for a
day feeding.
If the farmer has 6 sheep, Total feed offer is given as
CH
= 428.55g x 6
MS = 71.44g x 6
= 2,571.3g  2.6kg
= 428.64g  0.43kg
Therefore total feed offer is 2.6kg + 0.4kg = 3kg
Assuming the farmer wants to compound a diet for 10 sheep for
10 days,
Feed offer = Feed consumed per day (g) x number of animals x
number of days
CH offer = 428.55 x 10 x 10
MS offer =71.44g x 10 x 10
= 42855g  42.9kg.
=
7,144g  7.1kg

2.2 Feed formulation involving three or more feeds
It is common practice to use more than just two feeds in
formulating a feed mixture to attain a specific nutrient level.
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2.1.2 Case study 2: Feed formulation involving three feeds
TASK:
Formulate a feed mixture of 13% CP from CH (14% CP),
groundnut haulm, GH (14% CP) and MS (7% CP)
Solution:
Construct the Pearson Square and do the following:
a)

Categorize the feeds into two groups since the square
can handle only two categories at a time;

b)

Specify the proportion of each feed in each group (i.e. 2
parts of CH and 1 part of GH;

c)

Calculate the weighted average % protein in each group.

Assumption: The CH and GH are grouped together in the
proportion of 2:1with MS being used alone.
i.e. 2 parts CH contributes 2/3*14(%CP)

= 9.3

1 part GH contributes 1/3*14 (%CP)

= 4.7
TOTAL

= 14

2:1 mixture of CH and GH will, therefore, contain = 14% CP.
This 14% CP will be used for the "2 parts CH + 1 part GH to
occupy one corner of the square (CGH) and the MS (7% CP)
the other corner.

5

6

CGH (14)
13

MS(7)
Total =
CGH 

6
 450
7

CGH = 385.7

MS 

1
7

1
 450
7

MS = 64.3

2
 385.7  257.1
3
1
GH   385.7  128.6
3
CH

Assuming the air-dry matter for the CH, GH and the MS is
90% the actual quantities of CH and MS to offer on as-fed
basis should be as follows
Dry matter conversion factor (dmf)

= 100/ 90
= 0.9
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Quantities of CH, GH and MS to feed on as-fad basis is as
follows
CH 

257.1 257.1

 285.7 g
dmf
0. 9

MS 

64.3 64.3

 71.44 g
dmf
0.9

GH 

128.6 128.6

 142.4 g
dmf
0.9
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Chapter 3
3. 1 Urea Treatment
Though crop residues and grasses have low levels of nutrients,
they may be able to meet the maintenance needs of sheep and
goat when fed as a sole diet. Owing to the low levels of proteins,
minerals and digestible energy in crop residues, they cannot meet
the production (meat, milk, lactation) requirements when fed to
small ruminants. In order to improve their feeding value, urea
treatment and mineral block supplementation are suggested.

Urea Treatment of Fodder: What is it?
It is the application of a known concentration of urea on a
specified quantity of crop residues with the aim of improving the
nutritive value of the residues.
Urea treatment of crop residues increases the crude protein (CP)
and energy content of the residues resulting in increased

feed intake, growth rate and milk yield of the animals.

Materials Needed for Urea Treatment


Crop residue

Urea

Water

Knapsack
sprayer

Plate 3. 1. Materials for urea treatment
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Proportions



Fodder type (cereal crop residues - maize stover,
sorghum stover etc,): 1 kg
Urea concentration: 40g of urea in 1Lof water

Mode of application
1. Chop a kilogram of crop residues to a length of about 5cm
for effective urea treatment.

2. Fill the knapsack sprayer with
1L of water

Plate 3. 2. Chopped fodder
Plate 3. 3. Filling of Knapsack sprayer

3. Mix 40g of urea in water in the knapsack sprayer

Plate 3. 4.Mixing of urea in water in the sprayer

NB. Stir the mixture thoroughly until the urea is completely
dissolved.
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5. Spray the urea solution onto the chopped fodder.
The urea solution should be uniformly dispersed
throughout the fodder.

Plate 3. 5.Spraying of fodder with urea mix

6. The fodder can be fed immediately after the urea
treatment or can be ensiled (Plate 6.) for a couple of weeks
for the urea to partially degrade the fibre.

Plate 3. 6.Stacking treated fodder for ensiling process
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3.2 Urea molasses multi-nutrient blocks (UMMB)
Urea molasses multi-nutrient blocks are lick blocks containing
urea, molasses, vitamins, and minerals. The feeding of the blocks
is a convenient and inexpensive method of providing a range of
nutrients required by both the rumen microbes and the animal,
which may be deficient in the diet.

3.2.1Characteristics of a good UMMB
A block is considered to be good when it fulfils the following:
 Ingredients are well–distributed throughout the block;
 It does not have lumps of urea and cement or quicklime;
 It is hard enough not to be squashed between the fingers and
should be resistant enough not to break when a person steps
on it;

3.2.2 Precautions to observe when supplementing
with UMMB
It is essential to note the following while supplementing with
urea Molasses blocks.
 Feed to ruminants only (sheep, goats, cattle, camels).
 Do not feed to monogastrics, i.e., horses, donkeys, or
pigs.
 Do not feed to young ruminants less than six months of
age (kids, lambs).
 Blocks should be used as a supplement and not as the basic
ration.
 A minimum of coarse forage in the rumen is essential.
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Never give blocks to an emaciated animal with an empty
stomach. The amount of blocks fed to sheep and goats
should be limited to 100 grams/day;
The blocks should never be supplied in ground form or
dissolved in water as this can result in over consumption.
Supply sufficient amount of water.

3.2.3 Materials
The ingredients needed for UMMB are outlined below








Molasses
Urea
Cereal bran
Oyster shell
Vitamin premix
Salt and
Cement (a binding agent).

Plate 3. 7. Molasses

Urea

Cereal bran

3.2.3.1 Molasses
Molasses is a by-product from the processing of sugar cane into
sugar. It is palatable and a cheap source of energy for ruminants.
The molasses is mixed with the other ingredients listed in
Section 3.2.1 and transferred into a mould to solidify into blocks.
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NB: The block should not contain more than 40 to 50% molasses
else it will break too easily and also take too long to dry.

3.2.3.2 Urea
Farmers commonly use urea as fertilizer for crop production. It
is this same urea that is used in the UMMB. The urea helps
improve digestibility of straw or fodder by supplying non-protein
nitrogen to the microbes in the rumen of the small ruminants. It
is advisable that the amount of urea be limited to 10% to avoid
poisoning.

3.2.3.3 Cereal bran
Cereal brans locally available include rice and maize brans.
Wheat bran can also be used if available. The brans are high in
phosphorus and also serve as source of energy and protein in the
UMMB. They absorb moisture from the molasses and gives
structure to the block.

3.2.3.4 Mineral Sources
The mineral sources used in moulding UMMB include
common salt, calcium carbonate and dicalcium
phosphate. The minerals supply calcium and
phosphorus whose deficiency in small ruminants may
result in abnormal bone growth, and reduce appetite
resulting in stunted growth.
3.2.3.5 Binding agent
Cement or quicklime is used to bind all the materials in
the UMMB. About 10 to 15% is sufficient as higher
levels make the blocks too hard. The use of cement as
binding agent has raised a lot of concerns about
13

possible deleterious effect but studies in the USA and
Canada have proved otherwise. The studies reported no
negative effect when cement constituted up to 1% of
total daily dry matter intake over along period of time.
3.2.4 Procedure
The process of moulding the blocks can be divided into
four stages.
I. Preparation of the components;
II.
Mixing;
III.
Moulding; and
IV.
Drying
i. Preparation of the components
The quantities of the various ingredients depend on the size
of the block to be manufactured. To mould a 5 or 25kg
UMMB, the proportions of the ingredients required is
presented in Table 3.1
Table 3. 1: Quantities of ingredients for a 5 or 25kg UMMB

Ingredients

Proportions (kg)
5kg

25kg

Urea

0.4

2.0

Molasses

0.4

2.0

3

15.0

Mineral mix

0.2

1.0

Common Salt

0.5

2.5

Cement

0.5

2.5

Rice/maize bran
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Alternatively a farmer without a spring balance can use a
milo and milk tins in the equivalent ratios specified.

Assuming the farmer wants to make 25 kg UMMB, the
table below should serve as a guide.
Ingredient
1. Urea

Quantity
2.0 kg

Milo tin equivalent
1 cup

2. Rice Bran

7.5 kg

19 cups

3. Wheat bran

7.5

24 cups
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4. Common salt

2.0 kg

1 cup

5. Cement

2kg

2½

Ingredient
6. Mineral Mix

Quantity
1 kg

Milk tin equivalent
2 cups

1.Dicalcium
phosphate

16

1 cup

2. Oyster shell

1 ½ cups

3. Vit.premix

7. Molasses

2L

4 bottles of voltic
mineral bottle (500mls)
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3.2.5 Mixing
Good mixing is a key for good block making. Urea must be
mixed thoroughly by breaking up lumps to avoid pockets of
high ingredients concentration that could harm animals.

The following steps should be followed for thorough mixing
of the blocks.

o

Add urea to the molasses and stir continuously for about
20 minutes till they are thoroughly mixed.

Plate 3. 8.Mixing of molasses and urea

o

Add the cereal brans and mix thoroughly as shown in the
Plate3.11.

Plate 3. 9. Mixing urea, molasses and bran
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o Mix the salt with the cement to accelerate blocks
hardening (Plate3.12).

Plate 3. 10. Mixing of cement with salt

o Form a paste from the cement- salt mixture by adding
250 ml water. This is followed by the addition of the
other mineral sources namely, vitamin premix, oyster
shell and common salt.

Plate 3. 11. Mixing of cement with water and other minerals

o

Spread the molasses-bran mixture on a plastic sheet and
add the binding agent. Mix the ingredients and break any
lump in the mixture (Fig. 3.14).
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Plate 3. 12. Mixing of ingredients and binding agent

3.2.6 Casting and Moulding
Once the ingredients are thoroughly mixed, transfer the
mixture into the moulds. The mould can be in the form of
wood or metal as shown in the Fig. 3.9

Plate 3. 13. Wooden mould and Metal mould for casting UMMB
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3.2.7 Steps to follow in the moulding of UMMB in
wooden and metal moulds

Plate 3.14. Mould

Filling of mould

Complete UMMB

3.2.8 Drying and Storage of UMMB
Remove the blocks from the moulds after 24 hours and
place on racks to dry. Leave the blocks to dry for at least
5 days depending upon the weather condition.

Plate 3. 16. Drying of
UMMB

Plate 3. 15. Section of trained
farmers with UMMB
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