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1.

Introduction
Smallholder dairy farmers in the tropics usually keep small number of dairy cows (less
than 20) in a system that combines crop production and keeping dairy animals for
additional income. Smallholder dairy farming in rural villages in Asia potentially provides
a range of benefits, including milk for sale and home consumption, manure for soil fertility
and sale of bull calves and culled cows and heifers.
Dairy cows will be potentially more productive if they receive sufficient quantity of good
quality of feeds. The challenge smallholder dairy farmers face is to provide their cattle
with a balance diet that supplies sufficient nutrients in the right quality and quantity at the
least cost.
This manual is designed to guide extension workers and smallholder dairy farmers in
Bangladesh, Myanmar and Thailand gain insight into the basic of feeding dairy animals.
By better understanding feed requirements, feed and nutrient used of dairy cows,
nutritional needs at various stages of production and recommended feeding practice for
each type of animal, dairy farmers will be able to get better benefit from their investment
and keep their valuable animals healthy and productive.

Photo 1 Smallholder dairy farmer in Bangladesh
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2.

Dairy cow life cycle
A good cow should calve for the first time at two years age and then every year
thereafter.
A dairy calf should be separated from its mother soon after birth and should mostly be
fed milk or milk replacer until it is weaned at about 8 to 12 weeks of age. During this time,
the most important goal is to keep the calf healthy and strong.
After weaning, the goal is to promote growth at reasonable cost with breeding occurring
at 13 to 15 months.
The target body weight gain of tropical dairy heifer should be 600-800 g/day until breeding.
The lactation curve for a typical mature cow is shown in Figure 9. The lactation length of
a typical cow is 305 days with a calf born every 365 days. Daily milk yield usually peaks
at 40-60 days after calving and then gradually declines.
Most cows are dried off about 60 days (dry period) before calving.
The good cow must conceive at 85 days after calving to maintain 365 days calving
interval.
The gestation period of cows is generally 280 days.
The lactating cows need enough fibre feed to keep their digestive system functioning
healthy, carbohydrate to provide glucose for making milk, protein to supply sufficient
amino acids to the body tissue, and fats, minerals and vitamins for support of metabolism.

2

Feeding Dairy Cattle in The Tropics: A Manual for Trainers and Practitioners

New born calves

Young calves

Dry cow

Weaning Calves

Milking cows

Heifers

Figure 1 Dairy cow life cycle
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3.

Cow’s digestive system
Dairy cattle and buffalo are classified as ruminant animals. The digestive system of
ruminants is different from most other non-ruminant animals such as pigs and poultry.
Ruminants have 4 different stomachs called Rumen, Omasum, Reticulum and
Abomasum.
Rumen is a large fermentation bag containing billions of microorganisms, mostly
bacteria. Rumen bacteria, fungi and protozoa help digest grass, hay and fibrous foods.
Once the rumen microorganisms have broken down the fibrous foods, ruminants can
absorb nutrients through their digestive tract.
On the other hand, fiber becomes the most essential feedstuff requires by ruminants.
Dairy cattle cannot survive or remain productive without sufficient source of fiber. Figures
2-4 shows digestive systems of a dairy cow with its 4 stomachs: rumen, reticulum,
omasum and abamosum.

Large Intestine
Small Intestine
Mouth
us

ag

Rumen

h
sop

E

Pelvic
bone Bladder
Reticulum

Abomasum
Omasum

Figure 2 Digestive system of a dairy cow
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Cows are ruminant animals with specialized digestive tracts:
Mouth:
feed intake, chewing, secretion of saliva
Stomach: Consists of 4 stomachs: rumen, reticulum, omasum and abomasums
• The rumen and the reticulum are big
fermentation buckets which contain
numerous bacteria to degrade fibre.
• The omasum absorbs and filters the
nutrients.
• The abomasum digests nutrients by
enzymes.

Figure 3 Functions of digestive organs of ruminants

Feed digestion

• Feed is digested by microorganism
in the rumen before it goes to other
stomachs and the intestines.
• Microorganisms use the nutrients in
the feed to produce nutrients for the
cow.
• Microorganisms can also use Nonprotein nitrogen (NPN) such as urea
to produce protein for the cows.

Rumen
Reticulum

Abomasum

Osmasum

Figure 4 Anatomy of rumen and functions of
rumen microorganisms

Source: Adapted from Vietnam Belgium Dairy Project 2009
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4.

Nutrient requirements
Proper feeding is essential to ensure cattle stay alive, remain healthy, are in good
body condition – not too thin, not too fat and have enough nutrients for milk production.
In addition, proper feeding enables young animals to grow, heifers and cows to
become pregnant and give birth to healthy calves, enable cows to produce maximum
good quality milk for sale to earn money.
Basic types of nutrients required by dairy cattle are as follows:
Energy:

Energy providing foods form the main part of the diet and supply the
body fuel, allowing the animals to move, keep warm, stay alive and productive.

Protein:

Protein help young animals to grow and develop muscle and allow cows to
produce larger quantity of milk and produce healthy calves.

Minerals: Minerals are required by the animal body in small amounts and serve a wide
variety of important functions, including forming bones, maintaining health
and normal body function and condition.
Vitamins: Vitamins are groups of substances that are required in the diet in very small
amounts for normal functioning of the body. Insufficient supply of any of the
vitamins can result in specific deficiency disease.
Water:

Cattle need water for the body to function normally. Without water animals
cannot stay alive. Water is necessary for food to be digested, maintenance
of body temperature, and removal of waste materials from the body. Water
is also the main component of milk. Cow milk contains up to 85 percent
water.

Sources of basic nutrients for dairy cattle are given in Table 1. Figures 5 and 6 show
importance of basic nutrients for dairy cattle.
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Why does the cow need to eat ?

• to stay alive
( = maintenance )

• to grow

• to grow a fetus

• to produce milk

Figure 5

Importance of nutrients for dairy production

Source: Adapted from Vietnam Belgium Dairy Project 2009
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Daily feed needs to provide
Energy:
It is as the fuel for a machine and it is
needed for milk production
Protein:
The materials to build up the muscles,
fetus and the milk production
Minerals:
They are needed for the growth of the
bone and the fetus as well as for the
milk production
Vitamins:
Intervene in the metabolism and the
digestion of feeds
Water:
Water is needed for the maintainance
and to produce milk. Water contains
about 85% in the milk

Figure 6

8

Basic nutrients of dairy cattle

Feeding Dairy Cattle in The Tropics: A Manual for Trainers and Practitioners

Table 1 Sources of nutrients
Type of nutrients

Sources of nutrients

Energy

•
•
•
•
•
•
•

Forages including crop residues
Pasture grasses and legumes
Pasture hay and silage
Corn, rice bran, rice pollard
Cereal by-products
Cassava chip
Oils

Protein

•
•
•
•
•
•

Pasture legumes
Legume trees i.e. Leucaena
Oilseed meals and cakes
Soybean meal
Cotton seed
Palm kernel cake

Minerals

• Mineral premix
• Salt, lime stone
• Dicalcium phosphate

Vitamins

•

Vitamin A, D, E

Commercial concentrates are good source of energy and proteins

9

4.1 Energy
Energy in cattle feed is essential to keep the animal body functioning. If the cows receive
insufficient energy continuously they will lose body condition and become thin and weak.
For milking cows, milk yield will drop. Pregnant cows may become ill after calving and the
calf is likely to be small.
On the other hand, too much energy intake impacts negatively on dairy cows resulting in
excess body fat, difficult calving, low conception and lower milk production.
Sources of energy for dairy feeding include starch, carbohydrates, sugar and fiber. Fiber
that derives from forage or pastures in different forms such as fresh grass and legumes,
hay, silage and crop by-products are essential for dairy cows since they are ruminants
that need fiber for survival. Carbohydrates from grains such as corn, sorghum, rice bran,
rice polish and cassava root chip are commonly fed to dairy cattle in the poor tropical
countries. Fat from oilseed by-products such as soybean meal, palm kernel meal,
sunflower cake provides additional energy to dairy rations.

Crop residue

Grass

Silage

Corn grain and by-products
Photo 2 Energy sources
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4.2 Protein
Protein provides the essential building blocks for the body cells and tissue, including
muscles, blood, skin, internal organs, and also to produce milk.
One liter of cow milk usually contains about 35 g of protein (3.50 % protein content).
This means that a cow producing 10 liter of milk per day loses about 350 g of protein in
the milk each day (10 liter x 35 g/l = 350 g). The dairy ration should provide sufficient
level of protein for bodymaintenance and daily milk production. Generally daily amount
of crude protein in the diet is 4 to 5 times of the protein excreted in the milk per day.
Insufficient protein intake for milking cows causes rapid drop in milk production and
weight loss in the long term. Reduced growth rate in calves and heifers and low birth
weight are other long terms consequence. On the other hand, too much protein in the diet
is wasteful and expensive because protein sources are always the most expensive raw
material in diet ration.
Sources of protein for dairy and other ruminants are those raw materials derived from
oilseed crop by-product such as soybean meal, palm kernel cake, cottonseed,
sunflower meal, groundnut meal, sesame meal, legume tree leaf meal. Animal origin
protein source can be used in dairy ration such as fish meal, by-product from poultry
slaughter house, and by products from milk processing. Dairy cows can also make use of
protein from cheap NPN source such as Urea. Inclusion of urea in dairy diets should be
done with care under closely advice by technician.

11

Oil seed by-products

Leucaena leaf

Soybean and by-products

Concentrate feeds
Photo 3 Protein sources

4.3 Minerals and vitamins
Minerals are essential for cattle to function properly, for the development of bones,
reproduction and for the production of milk. Young animals as well as milk producing
cows require higher minerals than non-productive and growing heifers.
There are two types of minerals: (i) minerals that are required in larger amounts. These
are called macro-minerals, and (ii) those required in much smaller quantities called microminerals.
Two important macro-mineral: Calcium and Phosphorus are essential for dairy cows.
A typical milking cow needs 60-80 gram of Calcium and 30-40 gram of phorsphorus in
diet per day. These minerals can be found in pastures particularly legume pastures, cereal

12
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grains and commercial dairy feeds. However, most of raw materials do not provide
sufficient Calcium and Phosphorus. Supplementary Calcium and Phosphorus in dairy
ration is necessary. Good sources of Calcium and Phosphorus are bone meal, di-calcium
phosphate, mono-calcium phosphate, oyster shell and calcium carbonate.
Other common source of macro-nutrient added to dairy ration is a common salt to
provide Sodium and Chlorine to the ration.
For other macro- and micro-minerals, due to their small quantity requirement, it is more
convenient to use commercial premix that provides essential minerals to the animal diet
in appropriate dosage.
Vitamins for dairy are usually derived from fresh forage and grains; however, inclusion of
vitamin premix is a good practice to ensure vitamin sufficiency.

Table 2 Macro and micro-minerals
Macro minerals

•
•
•
•
•
•
•

Calcium
Phosphorus
Magnesium
Sodium
Potassium
Chlorine
Sulfur

Micro minerals

•
•
•
•
•
•
•
•

Iodine
Iron
Copper
Cobalt
Manganese
Molybdenum
Zinc
Selenium
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4.4 Water
Cattle need water for their bodies to function normally. Without water, mortality can take
place quickly. Water is necessary for digestion, producing saliva, chewing the cud,
cooling body, removing waste from body and producing milk.
Although water content of milk is about 85 percent, approximately 5 liter water is required
to produce 1 liter of milk.
Crossbred dairy cows are less tolerant to heat. It is therefore important to provide
sufficient quantity of drinking water for the dairy cows at all times.
The amount of water required per day depends on many factors, including type of feed,
amount of feed intake, milk production and environment temperature and humidity.
Ideally, water should be available to dairy cattle at all times. If this is not possible, the
following rule of thumb is suggested:
• Supply one liter water for every ten kilogram of body weight plus one and a half liters per
one liter of milk production.
• For example: A cow weighing 500 kg and producing 10 kg/day milk needs 65 litres
(500/10 + 10x1.5) per day

Table 3 Approximate water requirement for mature dairy cows
Milk production (kg/day)

Water requirement (liter/day)

Dry cows
10
15
20
30

40-60
40-60
60-80
80-100
100-140

Source: Based on the recommendations from NRC 2001
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Water is the nutrient required in the largest amount by dairy cattle

Cows need water
•
•
•
•

for normal body functions
to produce milk
to produce urine
for sweating and
keeping the body cool

The amount of water needed
deppends on:
•
•
•
•

the body weights
the milk production
the temperature
the feeds

Figure 7 Water requirements of dairy cattle

Source: Adapted from Vietnam Belgium Dairy Project 2009
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Water supply: Cows get water
From feed

Fresh forage: 70-90% water

From drinking

Dried forage (hay): 12-15% water

The requirements for
water supply are:
1. Always AVAILABLE:
easy access at all times everywhere
in the barn
2. CLEAN:
no residue of feed, faeces etc.
3. TASTY:
fresh, no strange smell
4. SAFE:
no pathogens, pesticides,
poison etc.
Figure 8 Sources of water supply
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5.

Basic feed types for dairy cattle
In order to supply all nutrients (energy, protein, minerals, vitamins and water) to dairy
cattle, farmers usually combine basic feed types in the right amount called feed ration.
The basic feedstuffs for dairy cattle include forage or pastures for energy, supplementary
forage and by products, protein and energy supplements, mineral and vitamin
supplements and water.
Pastures for energy
Grass pastures are the best and cheapest source of feed for dairy production. They
provide fiber for rumen maintenance, energy for movement and some protein for milk
production. Improved grasses such as Guinea grass, Ruzi grass, Napier Pakchong-1
grass as well as forage legumes such as Verano stylo, Leucaena and Gliricedia are good
sources of energy.
Forage and by-product supplements
In most tropical countries, it is not possible to practice year round grazing. Supplement
forages, particularly those with high nutritive value such as young leafy grass, legumes
and legume tree leafs, can ensure stable nutrients uptake. In practice, farmers should
establish good quality pastures using high productive varieties such as Napier Pakchong-1
to provide supplementary forage and fed to cattle intensively through the cut and carry
system. By-products supplements such as baby corn by-products, tomato waste,
pineapple waste, and vegetable waste are also good sources of roughage for
dairy cows.
Protein and energy supplements
Raw materials and feeds that contain high nutrient contents, high energy and protein, low
fiber and high digestibility are essential to provide additional nutrients to sustain milk
productivity of dairy cows, and improve growth of young calves and heifers. Examples of
protein and energy supplements are:
Protein supplements
Fish meal, meat and bone meal, soybean meal, groundnut meal, sesame meal, palm
kernel meal, brewery grains.
Energy supplements
Rice bran, rice polish, cassava chips, molasses and grains of corn, sorghum, wheat,
barley etc.
17

Mineral and vitamin supplements
Some minerals and vitamins are present in pastures, supplementary forages, and
concentrate feed ingredients. However, dairy cows also need to be fed additional
minerals particularly those which are not present in natural plants. Offering mineral to
dairy cows is commonly done by adding macro-mineral such as Di-calcium phosphate
to provide Calcium and Phosphorus; adding common salt to provide Sodium and
Chlorine to the diet. Addition of micro-elements and vitamins is most easily done by
addign a commercial mineral-vitamin premix.
Water
Dairy cows should have access to clean drinking water at all times. In addition to the
amount required for normal body functioning, a milking cow requires about five litres of
water to produce one litre of milk. Estimated water requirements of dairy cows are given
in Table 3.

18
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Water

Forage

By products

Concentrates

Minerals

Vitamins

Photo 4 Basic feed types for dairy cattle
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6.

Forages for dairy cattle
The major portion of cow’s ration is made up of bulk forages, which have to be consumed
in large quantities for the animal to remain healthy and productive. Cows also need to feel
full, and forages supply fiber to fill the gut and prevent cows from feeling hungry.
To remain healthy, stimulate rumination and produce good quantity milk with high fat
content, the dairy cow’s ration has to contain enough forage.
Dry cows can survive on forage alone, providing that the forage quality is medium to high.
But for high yielding cows, nutrients obtained from forage alone will not be sufficient for
high milk production. Supplements include high quality forages and concentrate with
protein, energy, minerals and vitamins are necessary for high milk yielding cows.

6.1 Good quality forages
Good quality forages are those that contain high level of energy, protein and are high in
digestibility and palatability. Young grass pastures, legume-grass mixed pastures,
legume trees leafs, and young leafy grass, young fodder corn and sorghum, good hay
and silage are high quality forages. Mature natural grasses, rice straw, mature corn stem
are examples of poor quality forages.

Cows need forage for:
• Good rumination
• Good rumen digestion

Forages should supply
• Basic nutrients such as protein, energy,
minerals and vitamins

Photo 5 Importance of good forage
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6.2 Forage types
Forages for dairy cattle can be classified as: fresh forage such as grazing pastures, cut
and carry fresh forages, dry forages such as hay, and silages. Fresh forages provide
highest nutrients to animals. However, due to their seasonal availability, they are often
preserved in the form of hay and silage. Silage is more palatable compared to hay.
Combination feeding used fresh forage as basal feed and supplement with hay and silage
are recommended for smallholder dairy farms to enhance feed intake and ensure
sufficient nutrient all year round.

Forage can be used as:

Fresh

Dry

Chopped

Silage
Photo 6 Types of forages
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6.3 Feed intake
Cows need to eat as much forages as possible: Higher quality forages results in a higher
feed intake.

Table 4 Dry matter intake of different quality forages
Quality of grass
Excellent
Very good
Good
Medium
Poor

DM intake (% body weight)
3.0
2.5
2.0
1.5
1.0

Source: Adapted from NRC 2001

Green forage – Higher feed intake

Crop residues – Lower feed intake

Photo 7 Higher quality forages results in a higher feed intake
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How to increase forage intake:

By chopping into small particles

By providing forage with concentrate

By wilting before feeding

By mixing several forage

By feeding many times

By providing during cool time

Photo 8 Methods to increase dry matter intake
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6.4 Dry matter content
Forage is compost of dry matter and water contents.
Nutrients in forage are present in dry matter part.
Fresh grass contains more than 80 percent water; hence less than 20 percent dry matter.
Hay contains less than 15 percent water; hence more than 85 percent dry matter.
Cattle need sufficient dry matter intake (2.5-4.0 % body weight) to fill their stomachs.

Dry matter = Fresh matter - water

Young Fresh Grass - Low dry matter content

Grass Hay - High dry matter content

Photo 9 Low and high dry matter content forages

6.5 Protein and energy
Protein and energy are essential nutrients for maintenance, growth, and milk production.
Protein and energy are components of dry matter and are usually expressed as:
• Protein: percent crude protein (% CP)
• Energy: mega joule per kg dry matter (MJ/kg DM)
Young leafy grasses have higher protein and energy than old, less stem forages.
Legume forages have higher protein than grasses.

24
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6.6 Fibre
Rumen of a cow needs sufficient fibre to function well. However, too high fibre results
suppress voluntary intake and results in lower protein and energy intake. For good
digestion and rumination, cows should receive at least 28 percent fibre in their diets DM.
Old grasses have higher fibre than young grasses. Stems have higher fibre than leafs.

Table 5 Nutrients contents of some tropical forages (per kg DM)
Forages

DM (%)

Energy
(MJ)

Protein
(% CP)

Fibre
(% CF)

Guinea grass fresh, 30 days

21.3

9.4

10.3

33.3

Guinea grass fresh, 45 days

22.5

9.1

7.4

34.0

Guinea grass hay, 30 days

87.5

9.4

8.5

33.3

Guinea grass hay, 45 days

89.0

9.1

6.7

33.2

Guinea grass fresh, 60 days

24.4

9.8

6.9

35.7

Guinea grass hay, 60 days

89.5

7.8

5.7

35.7

Napier grass fresh, 30 days

15.8

10.0

12.1

24.9

Napier grass fresh, 45 days

18.7

10.0

10.1

26.7

Napier grass fresh, 60 days

23.7

8.9

7.4

26.7

Pangola grass fresh, 30 days

24.4

10.7

9.1

27.2

Pangola grass fresh, 45 days

26.9

10.4

10.5

29.4

Pangola grass, fresh, 60 days

29.9

10.2

6.6

35.1

Pangola grass hay, 30 days

90.6

10.7

8.4

27.2

Pangola grass hay, 45 days

87.0

9.8

9.5

32.3

Pangola grass hay, 60 days

88.0

9.8

6.5

35.1

Ruzi grass fresh, 30 days

19.8

10.7

12.0

22.5

Ruzi grass fresh, 45 days

20.2

10.0

8.5

28.4

Ruzi grass fresh, 60 days

26.9

9.8

6.4

30.6

Ruzi grass hay, 30 days

90.4

10.9

10.2

23.4

Ruzi grass hay, 45 days

89.6

10.5

7.3

29.7

Ruzi grass hay, 60 days

88.0

9.6

5.6

33.9
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Table 5 (Continue)
Forages

DM (%)

Energy
(MJ)

Protein
(% CP)

Fibre
(% CF)

Leucaena fresh

38.7

11.1

22.9

30.6

Leucaena leaf dry

91.6

13.5

24.4

12.8

Gliricidia leaf fresh

24.8

6.7

25.4

18.0

Cavalcade legume hay, 60 days

22.9

10.2

16.1

31.5

CIAT 184 fresh

26.6

10.5

15.8

30.3

Stylosanthes hamata fresh

27.0

11.3

15.3

28.1

Rice straw

88.8

8.1

3.6

32.3

Rice straw, urea treated

57.9

10.9

7.8

37.6

Corn stem, fresh (baby corn)

21.0

10.5

8.3

28.8

Corn stover, fresh (baby corn)

25.6

10.9

8.0

27.2

Corn husk, fresh (baby corn)

15.7

12.2

11.5

22.0

Corn husk, dry (baby corn)

88.5

10.9

12.0

24.4

Corn husk, silage (baby corn)

11.6

13.9

14.1

29.8

Corn cob, fresh (sweet corn)

25.8

10.9

4.9

33.2

Corn stover, fresh

25.5

11.8

8.6

27.2

Corn stover, silage

29.1

13.0

8.5

28.0

Corn husk, fresh

20.1

11.8

5.8

30.7

Corn husk with cobs, fresh

20.9

13.3

6.6

12.5

Corn husk with cobs, silage

20.8

13.3

7.0

11.0

Sorghum fresh, 45 days

17.3

10.5

9.8

25.2

Sorghum forage fresh, 45 days

17.8

12.4

8.5

34.7

Stylosanthes guianensis

Source: DLD, Thailand 2008
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7. Concentrates
Concentrates include high digestibility raw materials which are high in protein and energy
and low in fibre content. Fibre content of livestock concentrates is below 18 percent in
dry matter. Concentrate provide the additional energy and protein needed.
Dairy concentrate can be classified into the following categories:
• Protein sources from animal origins: fish meal, meat and bone meal, whey etc.
• Protein sources from plant origins: soybean meal, cotton seed meal, coconut meal,
palm kernel meal etc.
• Protein source from NPN: urea
• Energy sources: cereal grains, corn grain, sorghum grain, rice bran, broken rice,
cassava chips etc.
• Mineral and vitamins supplements
• Compound dairy concentrate feeds
Nutrients composition of raw materials and compound concentrates for dairy cattle are
given in table 5.
Protein from animal origins - Fish Meal

Protein from plant origins - Leucaena

Energy from grains - Corn

Energy from roots - Cassava chip

Photo 10 Protein and energy sources
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Compound dairy feed

Mineral premix

Photo 11 Compound feed and mineral premix

Table 6 Nutrients contents of some dairy concentrates and raw materials
Forages

DM (%)

CP (%)

CFat (%)

CF (%)

ME (MJ/kg)

Energy sources
Cassava meal

88.1

1.9

.5

2.4

12.3

Corn grain

89.5

9.1

5.4

2.5

12.5

Rice bran

90.5

14.2

17.9

5.8

13.0

Wheat bran

88.5

18.5

3.5

8.6

11.2

Soybean meal

89.6

49.8

2.3

5.4

12.5

Sunflower meal

90.0

41.1

2.0

14.8

10.6

Palm kernel meal

90.4

16.7

3.2

13.5

10.7

Cotton seed meal

92.0

26.2

2.4

17.5

10.2

Coconut meal

91.2

19.1

12.7

8.9

13.0

Brewery grain

90.1

32.3

6.7

12.4

11.7

Rapeseed meal

90.5

38.4

1.1

10.3

11.1

Fish meal

91.4

57.4

6.4

1.0

12.5

Protein sources

Source: DLD, Thailand 2004
Note: DM = dry matter, CP = crude protein, CFat = crude fat, CF = crude fibre, ME = metabolizable energy
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Guidelines on concentrate feeding are:
•
•
•
•

Use specific concentrate for specific type of dairy animal
Provide high quantity to high production cows
Provide high quality concentrate if the forage quality is poor
Always select concentrates containing balanced nutrients formulated for specific group
of cows
• Use optimum amount of concentrate according to milk production
• Use home-made concentrates as much as possible as these are usually cheaper than
compound commercial feeds
• Use locally availability raw materials as much as possible to reduce feed cost

8. Concentrate formulation
Formulation of concentrate can be done on farm if farmers have sufficient data on:
• nutrient requirement of the cows
• nutrient composition of the feed
• availability of raw materials
• price of raw materials
By adding many raw materials in certain quantities; balance feeds with optimal
energy, protein, minerals and vitamins can be formulated. Given below are some feed
formulations recommended by the Department of Livestock Development (DLD) for
15-20 kg per day dairy cows in Thailand.
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Table 7 Recommended concentrate feed formulations for 15-20 kg/day
milk yield of dairy cows in Thailand
Formulation (% as fed)
Ingredients
Corn grain
Rice bran

1

2

3

4

5

47.2

43.2

11.2

11.2

27.2

30

28

33

Cassava meal
Soybean meal (44%)

10

Coconut meal

10

Palm kernel cake

8

28

6

42.2
28

45

22

16

14

15

25
18

Cotton seed cake

12
25

20

Leucaena leaf meal

15

Dicalcium phosphate

1

1

1

1

1

1

Salt

.5

.5

.5

.5

.5

.5

Urea

1

1

1

1

1

1

Minerals and Vitamins Premix

.25

.25

.25

.25

.25

.25

Total

100

100

100

100

100

100

16

16

16

16

18

18

12.8

12.2

12.0

13.0

13.0

12.4

Nutrients
Crude protein, %
ME, MJ/kg

Source: Adapted from DLD, Thailand 2008; ME = Metabolizable Energy; MJ = Mega Joule
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9. Feeding dairy cows
9.1 Principle
Farmers raise dairy cows to produce milk and to make profit. Feed is the biggest cost
in milk production. Improving feeding should focus on maximizing milk production while
at the same time minimizing the production cost. It is recommended that dairy farmers
should attempt to increase the dry matter feed intake of the cows by feeding good quality
forages. The more nutrients farmers can provide through forages, the less concentrate
need to be provided. That can help reduce the cost of milk production.

Maximize dry matter intake

Maximize nutrients from forages

Photo 12 Basic principle in dairy cows feeding

9.2 Rules of good feeding management

Rule 1: Water is always avalailable
• Cows need a lot of water
• Clean and fresh water should be available
at all time

Rule 2: Feed maximum forages
• Forage should always be available in the feeding
trough. If there is no feed in the trough, dry matter
intake is low and the cows will produce less milk
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Rule 3: Provide optimum concentrates
• Provide concentrate at least 3 times per day
• It is best to mix concentrate with forage or provide
forage before concentrate
• Provide concentrate according to milk production
and forage quality
• Always use higher quality concentrate when forage
quality is poor

Rule 5: Increase forage intake as much as posible
• Forages are always cheaper than concentrates
• Forages can be produced on farms
• The more milk can be produced from forages, the
better is the profitability of the farm

Rule 4: Always provide minerals
• Provide minerals in the concentrates
• Always provide mineral blocks to guarantee that
cows take up sufficient minerals

Rule 6: New feeds should be introduced gradually
• The new feeds need to be introduced step by step,
a little bit more every day during the 7 to 10 day
period this helps the rumen microbes to gradually
adapt to new feeds

Photo 13 Rules of good feeding management
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9.3 Lactation phases
A good dairy cow produces milk for about 305 days; followed by a dry period of about
60 days
The milk production cycle of a cow can be divided into 5 phases:
•
•
•
•
•

Phase 1 - Early lactation: 0 - 3 months lactation
Phase 2 - Mid lactation: 3 - 6 months lactation
Phase 3 - Late lactation: 6 - 10 months lactation
Phase 4 - Dry period: 10 - 12 months lactation
Phase 5 - Transition: Last 2 weeks before calving down

Body reverses
used for
milk production

Live weight constant
Dry Matter
Intake

Body reverses
regained for
next lactation

Dry period
rumen
rehabilitation

Milk
Production

Body Weight

0

1

2

3

4

Early Lactation

Mid Lactation

Late Lactation

Dry Period

1

2

3

4

5
6
7
8
Month of Lactation

9

10

11

5

12

Figure 9 Lactation phases (Adapted from Moran 2013)
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9.4 Nutrient requirements of lactating cows
Nutrient requirements during different lactation phases are given in Table 8.

Table 8 Nutrients requirements of lactating cows
Nutrients

Milking

Phase 1
Months after calving

0-3

Crude protein, % DM

Dry

Phase 2

Phase 3

Phase 4

3-6

6-10

17.5-19.5 15.0-17.0

14.0-15.0

Forage ratio, % minimum

40-45

45-50

Phase 5

10-12

Last
2 weeks

12.0 14.5-15.0

50-55

60

50

Source: Adapted from NRC 2001

9.5 Feeding Early lactation phase
Early lactation phase starts from the first week of lactation and ends about 70 days
or 10 weeks afterwards. This period is very important since it covers the peak milk
production where milk yield per day reaches the highest.

Body reverses
used for
milk production

Dry Matter
Intake
Milk
Production

Body Weight

Early Lactation
0

1

2

3

4

5
6
7
8
Month of Lactation

9

10

11

Figure 10 Early lactation phase (Adapted from Moran 2013)
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Photo14 Early lactation cows

Characteristics of the Early lactation phase are
• Milk production is increasing rapidly during this phase, while dry matter intake is
always lower than the requirement.
• As a result, protein and energy intake are lower than the requirement.
• A cow tends to loss weight due to lack of energy.
• Maximum milk yield may not be obtained if energy and protein intake are below the
requirement.
Nutrients requirement
• Crude protein requirement of Early lactation cows is 17.5-19.5 percent in dry matter.
• The total ration of Early lactation cows should contain not less than 45 percent of
forages in dry matter.
Recommended feeding practices of Early lactation cows
• Feed high quality forage such as fresh young leafy grasses, fresh young legumes,
good quality hay and silage.
• At lease 45 percent of total dry matter requirement should be from forages.
• Increase concentrate 0.5 kg per day from day 10 to 20 according to the increasing
milk yield.
• Use concentrate or formulate specific feeds for Early lactation cows.
• Provide adequate clean water at all time.
• Reduce stress such as heat stress.
Importance of peak production
• A lower peak production results in lower total milk production.
• An increase in 1 kg in peak milk production results in about 220 kg increase in total
milk production per lactation.
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40.0
Total=3,370 kg

35.0

Extra 5 Litres at peak give 1.1
Extra ton per lactation

Total=2,960 kg
30.0
Total=2,550 kg
25.0
20.0
15.0
10.0
5.0
0.0
1

2

3

4

5

6
7
8
Month of Lactation

9

10

11

12

Figure 11 Relationships of peak milk yield and total milk production
(Adapted from Vietnam Belgium Dairy Project, 2009)

9.6 Feeding Mid-lactation phase
Mid-lactation phase starts from month 3 to 6 after calving. The importance of this
period is the potential to increase dry matter intake, the recovery of the cow’s condition
and the preparation for the next insemination and pregnancy.

Live weight constant
Dry Matter
Intake
Milk
Production

Body Weight

Mid Lactation
0

1

2

3

4

5
6
7
8
Month of Lactation

9

10

11

Figure 12 Mid-lactation phase (Adapted from Moran 2013)
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Figure 13
Insemination during Mid-lactation
period

Characteristics of the Mid-lactation phase
• Milk production has passed its peak and starts to decrease.
• Dry matter intake of a cow increases and reaches its peak.
• Body weight of a cow starts to increase as well as her body condition recovers.
Nutrients requirements
• Crude protein requirement of the Mid-lactation cows is 15-17 percent of dry matter.
• Forage level in the total ration should increase to 50 percent of dry matter.
Recommended feeding management
• Feed high quality forages.
• Feed forages and concentrates
several times a day.
• Make sure that diets contain
adequate crude protein and forages.
• Provide adequate clean water.
• Supplement adequate minerals.
• Minimize stress conditions.

Photo 15
Feeding good quality forages in Mid-lactation period
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9.7 Feeding Late-lactation phase
Late-lactation period covers the period of 6-10 months after calving. Important
characteristics of the late lactation cows are that they are pregnant, gain weight and
easily get fat.
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Figure 14 Late-lactation phase (Adapted from Moran 2013)

Photo 16 Feeding good forages to Late-lactating cows
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Characteristics of Late-lactation phase
• Decline in milk production
• The cows’ body weight starts increasing.
• Dry matter requirements and nutrients are easily met due to decreasing milk yield.
Nutrient requirements
• Crude protein requirement: 14-15 percent of dry matter.
• Forage in total ration: 55 percent of dry matter.
Recommended feeding management:
• Feed good quality forages and make sure the cows eat at least 55 percent of dry
matter as forage.
• Avoid over feeding concentrate; higher concentrate feeding will not result in higher milk
output but will make the cows too fat and increase cost of rearing, and thus decrease
the profit.
• Provide adequate clean water.
• Provide adequate minerals.
• Minimize stress.

9.8 Feeding during Dry-period
Dry-period is the last 8 week before the cow delivers the next calf or the last 10 -12 months
after calving. The cows are not producing milk, however they need sufficient nutrient and
prepare for the next lactation.
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Figure 15 Dry-period (Adapted from Moran 2013)
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Characteristics of Dry-period
• Cows are not milking.
• Body weight of dry cows is continuously increasing.
• Feed intake of dry cows tends to decrease.
Nutrients requirements
• Crude protein level: 12 percent of dry matter.
• Forage in total ration: 60 percent of dry matter.
• Calcium (Ca): 60-80 g/day.
• Phosphorus (P): 30-40 g/day.
Recommended feeding management
• Separate dry cows from lactating cows.
• Make sure the cows are not too fat.
• Increase forage intake to 60 percent of total dry matter intake.
• Provide enough Calcium and Phosphorus.
• Provide Vitamin A, D and E in the rations.

Photo 17 A dry cow
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9.9 Feeding during Transition phase
The transition or close up is a period to prepare the cow for the next calving and milking
of the next lactation period
Characteristics of the transition phase
• The cows are not milking.
• Body weight of the cow is increasing.
• Feed intake of the cow is decreasing
Nutrients requirement
• Crude protein level: 14.5-15 percent of total dry matter.
• Forage level in total ration: 55 percent of dry matter.
• Calcium (Ca): 60-80 g/day.
• Phosphorus (P): 30-40 g/day.
Recommended feeding management
• Feeding concentrate up to 2.5-3.0 kg/day to adapt rumen microbes.

10. Feeding dairy calves
10.1 Feeding new born calves
The most critical period of calf is the first three weeks of life, when mortality can be high.
The goal for feeding calves is to keep
them alive, healthy and start them
growing well.
The calf is born with an immature
immune system and must receive
colostrum soon after birth. A new born
calf should be fed at least 3 litres of
colostrum within one hour of birth.
Colostrum also provides nutrients
essential to the new born animals.

Figure 16 Feeding a new born calf

Commercial colostrum substitutes are available, but they are not as good as natural
colostrum. Colostrum should be fed by bottle rather than natural suckling.
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10.2 Feeding young calves

Photo 18 Feeding a young calf

The young calf’s ability to digest non-milk protein is limited. Milk replacer is a major feed
for young calf. Generally, calves should receive milk replacer at 1 percent of body weight
per day on dry matter basis. Milk replacer contains about 12 percent dry matter; feeding
milk replacer mix at 10 percent of body weight per day over two feedings is sufficient.
High rate of milk feeding will enhance growth rates of calf but will also decrease grain
intake, delay rumen development, and may delay transition to a solid diet.
Scours or diarrhea is common in young calves, and causes loss of electrolytes. The
problem can usually avert if the calf is fed electrolytes as soon as watery feces are noticed.
During the milk feeding stage, the calf should have free access to water and grains
throughout most of the day. The rumen rapidly develops as the calf begins to eat dry
feed, and by six weeks, the calf is ready to obtain all its nutrients from solid feeds.
It is advantageous to feed hay to young calves to stimulate rumen development.
Calves are ready to be weaned if they can consume 700 g/day of calf starter feed.
Weaning of calves should occur between 8-12 weeks of age.
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After weaning, the calves should be fed forage and grain with the amount of each
depending on the type and quality of the forage and the age of the calf.
Composition of colostrum and normal cow milk is provided in Table 9. Recommended
nutrients of milk replacer and starter feed for young calves are given in Table 10.

Table 9 Composition of colostrum and normal cow milk (as fed basis)
Colostrum
Specific gravity
Fat, %
Total protein, %
Casein, %
Lactose
Minerals, %
Ca, %
Mg, %
K, %
Na, %
Vitamins
A, μg/100 ml
D, IU/g fat
E, μg/g fat

Milk

1.056
6.7
14.0
4.8
2.7
1.11
0.26
0.04
0.14
0.07

1.032
4.0
3.1
2.5
5.2
0.74
0.13
0.01
0.15
0.04

295
1.5
84

34
0.4
15

Source: Adapted from NRC 2001
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Table 10 Recommended nutrients of milk replacer and calf starter (DM basis)

ME, MJ/kg
Protein, %
Fat, %
NDF, %
Non-fiber carbohydrate, %
Calcium, %
Phosphorus, %
Iron, ppm
Selenium, ppm
Vitamin A, IU/kg
Vitamin D, IU/kg
Vitamin E, IU/kg

Milk replacer

Calf starter

18 - 20
20 - 30
15 - 20
0
40 - 50
1.0
.7
100
.3
9,000
600
50

14 - 16
18 - 24
4
17 - 20
45 - 50
.7
.45
50
.3
4,000
600
25

Source: Adapted from NRC 2001; MJ = Mega Joule

10.3 Feeding heifers
A good heifer rearing programme is critical to producing animals at first calving that
have good body size and body condition capable of high feed intake and well developed
mammary glands capable of maximize milk productivity.
If heifers between 3 to 9 months of age grow too fast or too slow (too fat or too thin)
future productivity will be poor.
The following targets for Holstein heifers are recommended for optimal productivity:
• Age at first calving
24 to 28 months
• Body weight at fist insemination
280-300 kg
• Body condition score
3.0 to 3.5
• Growth rate from 3 to 10 months of age
0.5 to 0.6 kg/d
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Breeding of crossbred Holstein heifers should occur when heifer weigh 280-300 kg at
14 to 18 months of age. Heifers that take several breeding before conception are more
likely to get fat. Recommended daily gains and dietary energy and protein concentration
for heifers are given in Table 12
In group feeding of heifers; ad libitum intake is desirable because it promotes more
uniform growth rates.

Photo 19 Good performance heifer

For well managed heifers first calving can occur at the age of 22 to 24 months and
capable of producing 1 calf/year onwards.
Key to good heifer nutrition is a good monitoring programme. Weight and height
of heifers should be measured at weaning, 5 months, breeding and after calving.
(See Table 12)
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Table 11 Examples of diets of dairy heifers (% DM basis)
Age (months)
6

12

18

Corn silage

30

49

49

Legume hay

53

49

49

Corn grain

10

Soybean meal

5

Minerals and vitamins

2

2

2

Sources: Adapted from NRC 2001
Mineral and vitamin composition: Dicalciumphosphate 6.5 %, Salt 3.0 %, Sulfer 0.2 %, Vitamin A, D, E 10 g

Table 12

Guidelines for feeding Holstein heifers

Age (month)

Weight
(kg)

Gain
(g/day)

Height
(cm)

ME
(MJ/kg)

% CP

2

77

726

86

12.1

18.4

4

127

816

97

10.8

17

6

177

816

104

10.0

15

8

227

816

112

10.0

14.5

10

277

862

119

10.0

14

12

332

907

124

10.0

13

14

386

907

130

10.0

12.5

16

441

907

132

10.0

12.5

22

600

907

140

10.0

12.5

Source: Adapted from NRC 2001
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