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Milk production on robot farms

Introduction
For centuries, milk has been one of the most important animal products for human consumption.
Consumers continue to place higher demands on the quality of dairy products and expect a high quality and
a sustainably produced end product. The dairy industry is constantly searching for new ideas in science and
technology in order to produce milk responsibly and sustainably.
During the last decades, the number of companies in the dairy industry has drastically declined, but the size
of the companies has increased.This has led to a higher degree of mechanisation and automation. In 1992,
Lely introduced the first automatic milking system - the Lely Astronaut milking robot. Automatic milking
has since seen an exponential growth, resulting in more than 12.500 automatic milking systems worldwide
in 2012. A company switching to automatic milking will have to face a lot of changes.
This brochure highlights some important aspects that affect milking on robot farms. In addition to an
explanation on milk production and milking technique, attention will be paid to the quality of milk, udder
health and hygiene. Lely Industries operates in a global market; therefore, due to the different legislation
and climates around the world, not all information will be applicable to local circumstances.
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Milk production on robot farms

1. Milk and milk production
Milk is naturally intended for feeding the calf. In the first few days after the birth of a calf, the first milk,
known as colostrum, is produced by the cow. Colostrum contains special proteins - immunoglobulins - which
boost the immune system of the calf. A calf cannot produce its own antibodies against viruses and bacteria
until a number of weeks after its birth. Therefore, it is important that a calf is fed adequate colostrum
immediately after birth. After a number of days, the composition of the milk changes and it becomes an
important food source for humans.

1.1

Milk composition

components due to the unique and well-balanced

Milk is a complex product and consists of more than 100

composition. Milk is composed of approximately 13% dry

different substances. These substances are dissolved

matter and almost 87% water. The dry matter is divided

in water or are present in the form of free particles

into fat and fat-free dry matter. The main components of

(suspensions, emulsions in water). The nutritional value of

the fat-free dry matter are milk protein and lactose (milk

milk is greater than the nutritional value of the separate

sugar).
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Figure: Global composition of cow's milk

Fat 4.40%

Casein 2.70%

Protein 3.40%

Milk serum proteins (whey proteins) 0.60%

Water
86,60%

Milk sugar (lactose) 4.60%

Milk

Protein-like substances 0.10%

Organic (citric acid)
Salt 0.17%
Dry matter

Mineral salts 0.70%

13.40%
Various 0.15%
Source: Van der Haven et al., 1996

Main components of milk

Milk fat consists of a mixture of triglycerides, which are

Proteins are important for the growth and maintenance

formed from a single molecule of glycerol combined

of the body of humans and animals. Most proteins

with three fatty acids. Milk fat contains more than

consist of more than 100 amino acid chains. The sequence

100 individual fatty acids, each containing different

of the amino acids in a protein is specific for that

characteristics. Fat is present in milk in the form of many

particular protein and determines to a large extent the

small globules, also termed milk fat globules, of various

characteristics of this protein. Some amino acids cannot

sizes. Each milk fat globule is surrounded by a membrane

be produced in the body and therefore must be included

of phospholipids and protein. This membrane prevents

in the diet; these are the so-called essential amino acids.

the clotting of the fat globule in the milk. When the

Milk protein contains all of these essential amino acids

membrane is damaged, the number of free fatty acids will

and is composed of approximately 80% casein. Casein

increase and the quality of the milk will deteriorate.

is a mixture of various protein molecules made up of
many components. Part of the casein - paracasein - is an
important component of cheese.

Figure: The structure of milk at two levels of magnification (left 500x, right 50,000x). Milk plasma is milk without fat globules.
Milk serum is milk without fat globules and casein particles.

milk plasma
phase

milk fat globule
membrane

casein micelles

fat globules

milk serum
phase

Source: Hurley, 2009 (University of Illinois)

6

fat globule

Milk production on robot farms

Table: Factors affecting milk composition

Effect

Cause
Fat and protein formation decreases more slowly than

Lactation stage

Higher fat and protein % at end of lactation

Milking

Lower fat % when udder is not milked completely dry

Milk interval

Higher fat % at shorter milk intervals

Ambient temperature

milk production; milk becomes more concentrated
Most fat globules are released towards the end of
milking
There is proportionately more residual milk1 in the
udder containing relatively more fat

Lower fat and protein % at higher ambient

Heat stress leads to disruption of metabolic processes;

temperatures

milk composition changes
Higher proportion of starch / lower proportion of

Nutrition

Lower / higher fat %

structure often leads to changes in the ruminal
environment and a decrease in milk fat content

Mastitis

Disease

Lower fat and lactose % Higher proportion of cells

The inflammation activates the cow’s defense

Increase of sodium and chlorine levels (salt level)

mechanism

Changing composition (for instance, decrease in

Sick cows often eat less and use energy for other

protein %)

processes

Source: Adapted from van Van der Haven et al., 1996; Wattiaux, 2003; Ouweltjes, 1998

1 Residual milk is milk that remains in the udder after milking

Lactose, also termed milk sugar, is dissolved in the milk.

mammals in cold regions or under water require energy-

The presence of lactose gives milk a slightly sweet taste.

rich milk to compensate for the greater heat loss to the

Lactic acid bacteria can transform milk sugars into lactic acid

environment.

and during the preparation of dairy products advantage
is taken of this transformation. The lactose percentage in

The composition of milk is inconsistent, even during

milk is relatively constant and there are no great differences

lactation. Milk production decreases during the course

between the various mammal species.

of lactation. The formation of fat and protein decreases
less rapidly, resulting in an increase in the level of fat and

Milk also contains other components, which are released

protein in the milk. In addition to the natural ageing process,

directly from the blood or as a by-product during the

feeding and management (not milking dry, milking intervals)

formation of milk such as vitamins, minerals (salts) and

also affect the composition of milk.

enzymes. But also cells - epithelial cells and white blood cells
- secreted from the udder tissue, or which are formed by the

The composition of milk also changes as a result of mastitis

animal’s immune system, are part of milk. Milk from healthy

– inflammation of the udder. Depending on the severity

quarters contains less than 100,000 cells per ml milk. The milk

and cause of mastitis, the fat and lactose levels change, and

factory regularly determines the bulk tank somatic cell count

the number of cells and chlorine and sodium (salt content)

to ensure the quality of the milk. Cows with a higher milk

levels of the milk increase. Conductivity monitoring is a

production generally have a lower cell count; this is known as

technique used for detecting mastitis through the robot.

the so-called dilution effect.

A higher salt content results in increased conductivity of
the milk. The robot detects the increased conductivity and,

Enzymes are organic substances, consisting mainly of

together with the T4C management software, an attention

proteins, which play an important role in biological

record is generated for this cow. Deviations in conductivity

processes. Examples of important enzymes are: phosphatase,

require necessary and adequate follow up. In addition to

peroxidase, lipase and catalase. A characteristic feature of

conductivity, the robot also monitors the colour of the milk

enzymes is the specific temperature sensitivity that could lead

and determines the fat/protein ratio. The fat/protein ratio

to inefficacy.

is an important indication of any metabolic disorders such
as ketosis (when the body burns its own fat for energy) and

Variation in composition

acidosis (rumen acidification).

The greatest variations in milk composition are found in
the milk of different mammalian species. It is assumed that
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Dry matter

Fat

Protein

Lactose

Salts

Table: Milk composition of some mammalian species

Human

12,70

4,50

1,20

6,80

0,20

Horse

10,80

1,70

2,50

6,00

0,60

Cow (NL)

13,40

4,40

3,40

4,60

1,00

Milch goat

12,90

4,00

3,30

4,60

1,00

Dairy sheep

16,00

5,10

5,30

4,60

1,00

Texels sheep

18,00

6,80

5,60

4,60

1,00

Pig

20,00

8,00

6,00

5,00

1,00

Reindeer

33,00

17,00

11,00

3,00

2,00

Whale

57,00

43,00

11,00

1,50

1,50

Buffalo

16,00

6,90

3,70

5,20

0,80

Source: Van der Haven et al., 1996; Wattiaux, 2003

Graph: Process of the levels of some milk components as a function of the cell count of quarter samples.
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Milk composition

Physical characteristics
Milk is a diluted, watery solution with very many small
particles. This affects the characteristics of milk such as

•

colour, acidity and freezing point. These characteristics
also determine the quality of milk. The yellowish colour of

•

milk is determined by the presence of carotene, which is
dissolved in the milk fat. The milk becomes darker in colour

•

due to the higher proportion of carotene, particularly
when cows are pasture-fed or when summer stall feeding
is adopted. Colostrum also differs in colour to ‘normal’

•

milk due to the different composition (proteins). The smell
and taste of milk can be negatively influenced by the diet,
for example when onions or fishmeal is fed. Normal milk is

•

virtually odourless.

1.2 The udder
The udder is an organ designed to produce and offer the
newborn calf easy access to its mother’s milk. To make milk
available as a food source for humans, it must be extracted
from the udder. This can be carried out in various ways

•

Milk is composed of approximately
13% dry matter and 87% water.
The main components of milk are fat,
protein and lactose.
Protein is composed of amino acids;
milk contains essential amino acids
that cannot be produced by the body.
Milk fat is composed of fatty acids
with a membrane of phospholipids
and protein, which prevent the
agglomeration of fat globules.
The composition of milk varies among
mammals and is also influenced by
the lactation stage, nutrition, milking
and udder health.
Physical properties such as smell,
colour and freezing point influence
the quality of milk.

such as milking by hand, through the use of a milking
machine or through automatic milking via a milking
robot. To obtain a proper understanding of the milking
technique, the structure and function of the udder is of

called quarters. Each quarter functions independently and

primary importance.

secretes a specific amount of milk through its own teat.

Anatomy

Milk is synthesised in the glandular tissue of the udder.

The udder is composed of four individual mammary

Important elements of the glandular tissue are the duct

glands. A strong membranous wall – the medial (central)

system, for the storage of the milk, and the milk-secretory

suspensory ligament – separates the right and left

cells – alveoli – in which the milk is produced and from which

quarters. This membranous wall, along with bands of

it is secreted. The alveoli vary in size from 0.10 to 0.50 mm,

connective tissue, enables the suspension of the udder

depending on the extent of filling.

to the abdominal wall of the cow. The division of the
front and rear udder quarters is not clearly visible but
certainly present. The individual parts of the udder are

Figure: Horizontal cross-section and rear view of the udder.

Fine Membrane
Between Quarters

Central
Suspensory
Ligament

Central Suspensory
Ligament
Outer Wall

Source: Adapted from Quinn, 1980; Frandson, 1986; Van der Haven et al., 1996
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They are lined with a layer of cells (the milk-producing cells)

Lobe

where milk synthesis takes place. Together with the duct

Lobule

system, the alveoli form well-defined droplets that merge
together like a bunch of grapes. Several of these grape-like
bunches together form a lobe. The alveoli are surrounded
by a network of muscle fibres, known as basket cells. These

alveoli

muscle fibres contract under the influence of the hormone
oxytocin, which stimulates the ejection reflex of milk from
the alveoli into the milk ducts in the direction of the udder
cistern and teat.

Ducts

Figure: Milk-secretory cell with milk-producing cells and ducts;
surrounding the cell are the basket-like cells.

Capillary vessels

Connective
tissue

Udder
Cistern

Artery

Ring of Fürstenberg

Muscle (basket)
cells

Teat
Cistern

Nipple duct

Lobe

Teat orifice
Milkproducing
cells

Source: Adapted from Quinn, 1980; Van der Haven et al., 1996

Milk synthesis
Vein

Duct

Milk is synthesised in the milk-producing cells. The
components required for the synthesis of milk are drawn
from the blood through osmotic processes. This takes place

Muscle cells in the
wall of the canal

where the small blood vessels (capillaries) come into contact
Milk duct

Source: Turner in Van der Haven et al., 1996

with the milk-producing cells. Some components are drawn
from the blood without undergoing any change. However,
the main components do require to be built up, and for this

Dozens of milk ducts flow into the udder cistern. At the
base of the udder cistern are annular folds of tissue, known
as the Ring of Fürstenberg, which form the connection to

energy is needed.
Figure: Schematic representation of the exchange of
nutrients between blood and milk-producing cells.

the teat cistern. These annular folds of tissue have certain
characteristics, one of which is to act as a barrier to prevent

INTESTINAL CANAL

RUMEN

BODY FAT

LIVER

the penetration of bacteria. At the bottom of the teat is the
fatty
acids

teat canal. This canal is approximately 1 cm long and has a
ring of muscle tissue which keeps the teat's orifice (opening)

glucose

closed. The teat canal is normally closed off with keratin, a
substance which is formed by the surface cells of the teat

BLOOD
A

canal. Keratin has a bacteria-inhibiting effect. The quality of

A B

C

D

E

A

F

the externally visible part of the teat canal, the teat orifice,
is of major importance for the prevention of the penetration
protein

of bacteria. Improperly adjusted milking equipment has a
negative impact on the teat orifice and thus on udder health.

Figure: schematische verticale doorsnede van een kwartier
van een uier.
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A

fatty acids

B

amino acids

C

minerals

milk
fat

Source: Van der Haven et al., 1996

MILK

milk sugar
(lactose)

D

vitamins

E

water

F

glucose
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Fat globules move toward the cell wall adjacent to the

hypophysis during milking and has a stimulating effect on

cavity of the milk-secretory cell. They bulge as they enlarge

milk ejection.

and are detached from the cell wall through ligature of the
bulge, and in this way become enveloped by a membrane

Milking more frequently can lead to an increase in

of phospholipids and protein. Protein and lactose are built

production of 10 to 15%. Milking less than twice a

up in de vacuoles2 of the cell. The vacuoles merge with the

day and incomplete milking have a negative effect on

cavity of the alveoli. The other soluble components pass

the production capacity of the milk-forming cells. An

through the wall of the cells.

automatic milking system encourages voluntary and
more frequent milking, leading to a desired increase in

Figure: Schematic representation of a milk-producing cell.

production.
Milk storage

Cavity of the alveoli

Between milkings, the milk slowly builds up in the
mammary gland. The udder swells up, which is visible to
the naked eye. The secreted milk accumulates first in the
Protein particles

alveoli and once a certain pressure has been reached, it
then flows to the milk ducts and the larger ducts (20%).
The capilliary forces prevent the milk from flowing easily

Fat globules
Vacuole

into the cisternal cavities. If the internal udder pressure
becomes too high, milk production will decrease.

Membrane
Cell core

Membrane

Blood vessel
Source: Van der Haven et al., 1996

Blood is of major importance for the formation of milk;
approximately 400 to 500 litres per kg milk is pumped

Mik secretion kg/h

Cell bodies

Graph: Progress of the pressure in the udder and average
milk secretion per hour since the last milking.
1,6
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0,8
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0,6

3

0,4
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0,2

1
0

0

through the udder. Two milk veins carry blood from

0

10

20

the udder to the heart together with two veins in the

Hours passed since latest milking

30

Udder pressure kPa

Vacuole

40

abdominal cavity. Two arteries carry blood to and from the
udder. When a cow is lying down, 20% more blood flows
through the udder; therefore, it is important that cows are

— Av. milk secretion per hour

— Udder pressure

Source: Hamann and Dodd in Bramley et al., 1992

able to lie down for sufficient periods. Also in the udder
are lymphatic vessels that carry lymph from the teats to

Milk ejection

the lymph nodes located above the mammary gland. The

The teat has a soft skin with many nerve cells and small

lymph glands have a filtering function (the removal of

veins. The nerves have an important role in the ejection of

waste material).

milk. The nerve endings are very sensitive to mechanical
stimulation (or tactile stimulation) such as the suckling of the

Stimulating milk synthesis

calf, prestimulation of the cow or liner movement during

Milk synthesis is influenced by the presence of the

robot milking. Tactile stimulation activates the milk ejection

prolactin and somatotrophin hormones. Somatotropin

reflex causing the milk to ‘shoot out’ of the udder. Since

(abbreviated BST) is a much-discussed hormone that

the cow cannot consciously influence this hormone-induced

has a stimulating effect on milk production through an

process, it is referred to as the neurohormonal reflex. The

increase in tissue growth. This hormone is secreted by the

nerve stimuli travel through the central nervous system to

hypophysis (pituitary gland). Prolactin is secreted by the

the hypophysis (pituitary gland) which secretes the hormone

2	Vacuoles are fluid-filled cavities in a cell

oxytocin. The basket cells (muscle fibres) contract around the

11

alveoli under the influence of oxytocin.

Figure: Progress of the oxytocin level in the blood during
machine milking of a cow for approximately 5 minutes
using various methods of prestimulation.

The time that elapses from the start of teat stimulation to
the ejection of milk is called the latent period. Depending

14

the udder filling and the circumstances during milking, this

12

period of delay can vary from roughly 0.50 to sometimes
as long as 2 minutes. To obtain complete milk removal, it is
important that milking is carried out immediately after milk
ejection commences. The settings on the milking robot are
adapted to this knowledge. In addition, effective cleaning of
the teats with brushes stimulates milk ejection.

Oxytocin production - pictogram
per ml of blood

on the duration and strength of the stimulus, the extent of

10

During milking, the stimulation of different senses can also
influence milk ejection. Sounds, images or the distribution

8
6
4
2
0
-3

of concentrate feed are all signals to the cow that milking

-2

-1

0

1

2

3

4

5

6

Number of minutes after connection to milking unit

is imminent. These are also known as conditioned reflexes
(Pavlov reaction). Occasionally the adrenalin hormone can

— Vigorous prestimulation during 1 minute

also play a role but in an unfavourable way. Shock, fear or

— Supply of concentrates + short prestimulation

pain causes the adrenal gland to secrete this hormone into

— Short prestimulation

the bloodstream, inhibiting the ejection of milk through a

— No prestimulation

narrowing of the blood vessels.

Source: Van der Haven et al., 1996

Graph: Effect of 1 minute manual premilking at the average oxytocin level (dotted line) and milk flow (solid line) during
milking.
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Figure: The neurohormonal milk ejection reflex
nerves

brain

nerves

stimulus

brain

P.P

P.P

stimulus

1. The teat is cleaned and the nerve endings are receptive to this
stimulus. The stimulus reaches the spinal cord via the nervous
system. The stimulus is transported via the central nervous
system into the spinal cord to the brain.

nerves

oxytocin

brain

2. The stimulus reaches the hypophysis – pituitary gland – of the
cow.

nerves

oxytocin

brain

P.P

P.P
heart

heart

Abdominal
aorta

Abdominal
aorta

3. In reaction to the stimulus, the hypophysis produces the
oxytocxin hormone. The hypophysis secretes the oxytocin into
the bloodstream.

4. The heart pumps the blood – containing oxytocin – to the udder.
The concentration of oxytocin in the blood builds up; this is at its
highest 1 to 2 minutes after prestimulation and then it slowly
subsides.

brain

nerves

P.P
heart
Abdominal
aorta
oxytocin

5. The basket cells in the udder contract under the influence of
oxytocin (which remains active in the blood approximately 8
minutes) and cause the milk to flow. The milk from the udder
cistern flows to the teat and the cow ejects the milk.
Source: Cooper, 1997 (Penn State university)\
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1.3 Other characteristics

to achieve the highest possible average milking speed and

Some cows allow themselves to be milked more quickly

to limit the maximum milking speed in order to prevent

and easily than other cows. This is termed milkability.

the flow of keratin. In general, the greater the milk

Milkability has a major impact on the capacity of the

production, the greater the speed.

robot. Genetic factors and age-related characteristics play
a role in milkability such as the shape and size of the teats

Udder conformation

and the milking speed.

Locating the teats and attaching the teat cups is carried
out automatically. Therefore, it is important that the

Milking speed

udder has no extreme abnormalities. Lely has developed

The milking speed is expressed in kg per minute and is

guidelines for attaching the teats to optimise milking

closely related to the shape of the udder and the teats.

with the robot. Severely imbalanced3 udders may cause

For example, teats that point outwards have a negative

difficulties when attaching the teat cup. The milking robot

effect on milking speed. The total amount of milk

has the advantage that the teat cups are not connected

produced divided by the milking time gives the average

to a milking claw. This means that even with an abnormal

milking speed. The milking speed is influenced by the

teat attachment, the teat cups will always hang vertically

attachment and removal moment of the milking robot.

under the teats. The behaviour of the cows during robot

After connection of the teat cups, the milking speed

milking is also important; active and healthy cows will

increases and reaches its maximum after approximately 1

make voluntary and frequent visits to the robot.

minute, thereafter the speed decreases. For this reason,
the parameter maximum milking speed is used; this data
is available via the robot. The maximum milking speed is
the maximum quantity of milk removed from the udder
with the greatest milk flow per minute. The objective is

The udder
•

•

•

•

•

The udder is composed of four
individual mammary glands, each
producing a quantity of milk; the robot
takes this into account and milks each
teat separately
The milk forming cells in the aveoli
produce milk with substances extracted
from the blood via osmotic processes
Approximately 400 to 500 litres of
blood per kg milk is pumped through
the udder; cows lying down have a 20%
increase in blood flow
The characteristics of the Ring of
Fürstenberg and the keratin layer in
the teat canal play a major role in
preventing the penetration of bacteria
Milk ejection is controlled via the
neurohormonale reflex; the basket cells
contract around the alveoli under the
influence of oxytocin and the milk is
released
3	Imbalance means an abnormality in shape and function of the udder and/or teat, often
as a result of injury or inflammation.
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Figure: Guidelines for teat distances

Rear view

Rear view

Side view

A
E
B

D
F

C

A = min. 3 cm
B = min. 35 cm
C = min. 3 cm
D = 1,50 - 3,50 cm
E = min. 3 cm
F = min. 7 cm

Source: Lely Industries N.V.

Other udder characteristics
•
•

•

Milkability has a major influence on
the capacity of the robot.
Milkability varies between cows;
important aspects are the milking
speed and the shape and size of the
teats.
Milkability is expressed in kg per
minute.

•

A major advantage of robot milking is
that the teat cups are not connected to
a milking claw , thus they always hang
vertically under the teats, even with an
abnormal teat attachment.
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2. Milking technique
The current milk production is well above the needs of the calf. Symptoms appear in the udder tissue and in
the teats, both during milk formation and during milking, that are not naturally present. These unnatural
pressure symptoms should be taken into account as much as possible during milking. A good understanding
of milking technique and the development of robot milking are therefore important due to the effects on,
inter alia, udder health.

2.1 Prestimulation

maximum milking speeds. A faster milk flow will increase

Prestimulation means the removal of dirt, the stimulation

the capacity of the robot, reduce the risk of overmilking5

of milk ejection, and the monitoring of the udder and

and reduce the amount of residual milk6 . Insufficient

the milk for any abnormalities. If dirt is not sufficiently

prestimulation can lead to a bimodal milk flow profile7; an

removed from the teats and udder, the milk can become

interuption in the milk flow. Longer prestimulation will

contaminated with, for example, soil, manure or dust.

not negatively influence the total milking time; the udder

Thorough cleansing will remove 80 to 90% of the bacteria

will be cleaner, less moisture will remain behind on the

present on teats and udder. Shaving of the tail and shaving

teats and the milk flow of the cows will improve.

or burning of the hairs on the udder will make cleaning of
the teats and udders easier.

5	Overmilking means that the robot is still milking even though milk is no longer secreted
from the udder

Vigorous prestimulation 30 to 60 seconds prior to

6

attaching the teat cups will have a positive effect on the

7	A bimodal milk flow profile means that the milk is first extracted from the udder

milk flow, the total milking time, and on the average and
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Residual milk is milk that remains in the udder after milking

cistern, resulting in a stagnation of milk flow; thereupon the milk is released from the
alveoli and the milk flow resumes.

Milk production on robot farms

The brushes
To clean the teats and to stimulate milk ejection, the Lely
Astronaut robot uses two brushes. In addition to the

Good prestimulation
•

teats, the brushes also clean the bottom of the udder.
The rotation speed, the duration of prestimulation,
the number of brush movements and the height of the
teats can be entered in the software to ensure optimal

•
•
•

stimulation and cleaning. After each prestimulation, the
brushes are disinfected to avoid cross-contamination. In
addition to the technical details, cow factors also affect
the quality of prestimulation. Being able to stand quietly,
the size and shape of the teats and the hairs on the udder
also play a role in effective prestimulation.

•

Reduces the risk of milk
contamination
Stimulates milk ejection
Reduces the risk of bacterial infection
Increases milk flow and consequently
robot capacity
Is carried out via brushes; the
rotation speed, the duration of the
prestimulation, the number of brush
movements and the height of the
teats can all be programmed in the
software

Figure: Automatic cleaning and stimulation of the udder
with the mechanical brush installed on the Lely Astronaut
milking robot. The Lely brush has spirally positioned bristles
of variable thickness for optimal stimulation and cleaning.
Laser technique
The Lely Astronaut robot applies laser technique to attach
the teat cups. The teats are detected from different angles
by means of a three-beam laser. An area the shape of a
piece of cake is scanned at an angle of 120 degrees up to
a distance of 400 mm from the middle of the laser eight
times per second. The arm moves slowly upwards. The front
teats are approached first. When the position of the teats
are known, the position of the rear teats are subsequently
determined. The rear teats with the longest average milking
time are attached first followed by the front teats. The
fact that the laser is located further from the teats and at
a certain angle also allows the attachment of abnormally
shaped teats. Sapphire glass is positioned in front of the
laser to provide protection.
Source: Lely Industries N.V.

2.2 Teat cup attachment
Attaching the teat cups is a meticulous process. It is essential
that the teat is correctly positioned in the liner. Teats that
are bent double or twisted in the liner can cause problems.
Air suction intake should be avoided when attaching the
teat cups to prevent sucking up dirt and to avoid the loss of
vacuum. The attachment technique in robot milking systems
is completely different compared to conventional milking.
In the past, the milker attached the teat cups manually; this
process has now been taken over by the robot arm.
The milking robot has to locate the teats prior to attaching
the teat cups. The teat location is established via a sensor
application. After that the teatcups are connected by the
robot arm.
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Figure: The Astronaut milking robot laser in operation; as a safety precaution, the robot tries to attach the teat cups within a
maximum of 300 seconds or 10 attachment attempts.

Source: Lely Industries N.V.

The system’s vacuum, noise and milk flow metres monitor
whether the teats are properly attached. If no milk is

2.3 Milking
Milking is the only activity whereby a substance is

measured after a certain length of time (dead milk time),

mechanically extracted from an animal. The milking

the teat cup in question is reattached. To ensure a smooth

process is based on the sucking mechanism of the calf.

attachment of the teat cups during the entire lactation

The operation of the milking robot is, therefore, based

period, changes to the shape of the udder are monitored.

on the application of suction (vacuum) delivered by the

The teat positions of previous milkings are stored in the

vacuum pump. The milking robot consists of several basic

process controller. After attachment of the teat cups, the

components that play a role in the implementation,

Lely robot pre-milk installation ensures that 9 ml of milk is

monitoring and optimisation of the milking process.

taken from each quarter. This pre-milk is stored separately
so that it does not reach the bulk tank.

Vacuum
Vacuum is applied to the teats to extract milk from the
udder. The level of vacuum has a direct impact on the
milk ejecton and milk removal. Generally, milking machine
installations have a working vacuum level of 40 to 50 kPa.
The standard vacuum height is 44 kPa. This ensures a

Attachment
techniques
•

•

•
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Air suction intake should be avoided
when attaching the teat cups to
prevent sucking up dirt and to avoid
the loss of vacuum
The teats are detected from various
angles by means of a three-bream
laser; an area measuring 40 x 6 cm is
scanned eight times per second
The system’s vacuum, noise and milk
flow metres monitor whether the
teats are properly attached

milking volume of 38 to 70 pKa. The vacuum is delivered
by the vacuum pump. To assess whether the vacuum pump
has sufficient capacity, the concept of reserve capacity has
been adopted. Reserve capacity is the air flow that can be
admitted by an installation in operation until the vacuum
has dropped 2 kPa below the operational vacuum. This
means that when a teat cup is kicked off, the other teat
cups will continue milking correctly at the preset vacuum
level.
Two kinds of vacuum can be distinguished:
ff Operational vacuum; vacuum in the collecting jar
ff Milking vacuum; vacuum under the teat

Milk production on robot farms

The Lely Astronaut milking
robot has an option to base
the milking vacuum on the
milking speed (operational
vacuum dependent on
milking speed), if this
amounts to more than 2 kg
per minute.

The milking vacuum is lower than the operational vacuum
as a result of the resistance the milk encounters during
transit to the milk glass. The operational vacuum is the
vacuum level that has been preset in the milking robot and
which remains constant.
An advantage of automatic milking is that the teat
cups are removed per quarter, which helps to prevent
overmilking. Overmilking means that the robot is still
milking even though milk is no longer secreted from the
udder.
The standard vacuum height is measured near the milk
glass, which also serves as a vacuum buffer. Buffering of
the vacuum is necessary to minimise the reaction time to

As the milking speed increases, the difference in pressure

vacuum fluctuations, for example in the event of a cow

will become greater (and the milking vacuum will drop),

kicking off the teat cup. The milk glass also serves as an air

the operational vacuum is then increased to stabilise the

separator and milk collector.

milking vacuum as much as possible. Changes in vacuum
levels vary from company to company and should be

Research has shown that reducing the vacuum level

implemented progressively, at the most 2 kPa adjustment

will significantly increase the time a cow spends in the

per week. The teat condition should be carefully

robot. Moreover, the lower vacuum effect appears to

monitored in the weeks following an increase in vacuum.

be greater with higher milk yields. Low vacuum leads to
longer milking times, resulting in a reduction of robot

ff Cyclical vacuum fluctuation. Pressure fluctuations of the

capacity. Also, strain on the teats is prolonged. A major

pulsator and pressure fluctuations in the vacuum occur

disadvantage of high vacuum, however, is an increase

simultaneously. These fluctuations are found just under

in teat swelling. There are also indications that the teat

the teat and increase at higher milking speeds. The

orifice does not close quickly enough, thereby increasing

Lely Astronaut robot has pulsation per quarter, which

the risk of infection. A herd with a higher milking speed

minimises cyclical vacuum variations. The Lely Astronaut

can be milked with a higher operational vacuum, resulting

robot removes milk from each quarter, which also

in an increase of robot capacity. At lower milking speeds,

prevents cyclical vacuum variations as much as possible.

the milking vacuum is higher at the end of the teat.
Vacuum fluctuations have a negative effect on udder
health and should, therefore, be prevented as much as

Figure: Cyclical vacuum variation within the milking unit
measured in a conventional situation

possible. The following types of vacuum fluctuations are

60

distinguished:

50

caused by pressure loss due to the transit of milk from
the teat cups to the milk glass. The drop in vacuum
under the teat will become greater as the milking speed
and milk flow increase. The slow vacuum variation has
no known adverse effect on udder health; however, it
does affect the movement of the liner.
When milking robots function properly the operational

Vacuum pressure in kPa

ff Slow vacuum variation the slow vacuum variation is

40
30
20
10
0
Cycle time 1 sec.

vacuum is constant, but the movement of the liner and

— Vacuum in pulsation chamber

the removal of milk cause volume fluctuations in the

— Vacuum in short milk tube

teat space under the teat.

Source: Van der Haven et al., 1996
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ff Irregular vacuum fluctuation. Irregular vacuum

The individual pulsator is called the 4-effect pulsation

fluctuations are caused by external factors such as air

system. The electronically driven pulsator is set at a

suction intake, loose tubing or when a teat cup is kicked

suction-rest ratio of 65:35 and a pulsation frequency of 60

off.

beats per minute.

Figure: Irregular vacuum variation within the milking unit
measured in a conventional situation.
60

Vacuum pressure in kPa

50
40
30
20
10
0
cyclustijd 1 sec.
— Vacuum in pulsation chamber
— Vacuum in short milk tube
Source: Van der Haven et al., 1996

Vacuum
•

Impacts occur as a result of abrupt air intake, causing
vacuum fluctuations. During this sudden air intake, high
velocity air flows in between the teats and the barrel –
sometimes at speeds of 20 m/s (70 km/hour). As a result

•

of the airflow, milk droplets could impact against the teat
end and penetrate the teat canal, which will increase the
risk of udder health problems. Milking robots extract the

•

milk per individual quarter and then transport it to the
milk jar thus preventing cross-contamination as a result of
impacts. In addition, the milk glass, the vacuum hose and
the robot arm form a buffer to absorb vacuum fluctuations.
The air admission hole at the bottom of the teat cup is

•

instrumental in milk removal and should be checked on a
regular basis.
Pulsation system
A pulsator is simply a pressure exchanger. The annular space
between the liner and the cup, also known as the pulsation
chamber, is connected to the pulsator. The pulsator causes the
liner to open and close. This movement is achieved by bringing
the pulsation chamber alernately in contact with vacuum and
air. The pulsator is basically a valve mechanism that occupies
two positions in relation to these outputs. The valve is driven
by vacuum, electromagnetic force or electronically. A pulsator
can operate simultaneously - all four teat cups at the same
time in the same phase - or alternately - left and right are not
operated simultaneously in the same phase. The combination
of vacuum and the opening and closing of the liners plays an
important role in the removal of milk from the udder.
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•

Vacuum is divided into operational
vacuum and milking vacuum; the
milking vacuum is lower as a result
of resistance during milk transit.
The operational vacuum of the
Astronaut robot is set at a standard
44 kPa.
Lower milking vacuum leads to
lower milking times and lower
capacity; however, too high vacuum
leads to a greater swelling of the
teat end.
Vacuum variations – as a result of
pressure differences, loss of pressure,
air suction – have a negative effect
on udder health.
The Astronaut robot’s vacuumdependent milking speed option
prevents major vacuum fluctuations
at teat-end level.

Milk production on robot farms

Liner half
closed

Liner entirely
closed

50

Liner still
entirely open

Figure: The progress of the pulsation curve.

Liner half
open

Figure: 4-effect pulsator
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Source: Lely Industries N.V.

Vacuum and atmospheric pressure is alternately present in

20
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4 kPa
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1
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101

the pulsation chamber of a teat cup. The absorption and

151

201

251

301

Time (ms)
— Pulsation vacuum

admission of air demands time; these periods form the

—| Milk flow time

|

transition phase. The pressure gradient is indicated in a
curve - the pulsation curve. The duration of A-phase can
be expressed in milliseconds (ms) or in a percentage of the
pulsation cycles. Lely expresses the phases in milliseconds.
The suction phase consists of A- and B-phases (liner open =
milking). The rest phase consists of C- and D-phases (liner
closed = blood circulation recovery). The suction-rest ratio
is an important parameter.

Source: Lely Industries N.V., PTV meter

Figure: Cross-sectional view of teat cups and liner operation during the various phases of the pulsation cycle on the robot.

vacuum

vacuum

vacuum

vacuum

A-phase

Atmospheric air

Atmospheric air

pressure

pressure

vacuum

vacuum

B-phase

C-phase

D-phase

Source: Lely Industries N.V.

A-phase: the transition phase from atmospheric pressure to vacuum – opening phase
B-phase: the stationary vacuum phase – milking phase
C-phase: the transition phase from vacuum to atmospheric pressure – cutback phase
D-phase: the stationary atmospheric phase – rest phase
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In order to analyse the pulsation curve, international

The movement of the liner stimulates the production of

agreements (ISO guidelines) have been established. The

oxytocin and milk ejection. The Lely Astronaut robot has

legal minimum requirements for a pulsation curve are:

an option in the software to apply stimulation through

ff The B-phase must amount to at least 30% (300 ms) of

pulsation. The microprocessor in the pulsator has a special

the pulsation cycle;

programme available for this application. After connecting

ff The D-phase must amount to at least 15% (150ms);

the teat cups, the pulsator is temporarily set to 250 to 350

ff The degree of imbalance8 may not amount to more

pulsations per minute so that the first teat connected is

than 5%;

stimulated by the vibrating action of the liner. After a set

ff Upper limit B-phase is 500 to 500 ms;

time, the programme switches over to the desired pulsation

ff Upper limit D-phase is 300 ms.

setting for milking.

Standards have not been defined for the a- and c-phases
but the length of these phases is generally 10 to 20% of

Pulsation

the pulsation cycle. The number of pulsations amounts to
50 to 60 per minute, depending on the settings. Lely has

•

robot settings that largely meet these guidelines.
The suction-rest ratio affects the milking speed. An
increase of the suction-rest ratio will result in a longer

•

pulsation curve of the b-phase at the expense of the
d-phase. A suction-rest ratio of 60:40 or 65:35 is a
generally accepted ratio. However, variations in settings
are observed in each country.

•
Increasing the suction-rest ratio involves a 10-15%

•

higher milking speed but it also leads to an increase in
the amount of residual milk. A lower vacuum lowers the

•

milking speed but it also ensures better milk removal.
When milking with a high suction-rest ratio, the quality
of the liner is especially important to achieve complete
milking.

The Lely Astronaut operates with the
4-effect pulsation system; a left and
right alternate pulsation system that
can be set per individual cow.
The pressure exchanger, or pulsator, is
reflected in the pulsation cycle which
consists of a rest phase and a suction
phase.
During the suction phase the liner is
open and the milk flows.
The rust phase allows recovery of the
blood flow in the teat (massage) .
The option ‘stimulation through
pulsation’ on the Lely Astronaut robot
provides extra stimulus for the release
of oxytocin and milk ejection.

Imbalance is the difference in suction stroke between the two outputs of an alternating
8 
pressure exchanger.

Table: Amount of residual milk and milking speed with various combinations of liners, vacuum and suction-rest ratio.

Vacuum in kPa

Liner X

Liner Y

Residual milk

Milking speed

Residual milk

Milking speed

50

50:50

330

1,57

570

1,61

50

75:25

410

1,76

780

1,83

44

50:50

300

1,46

400

1,55

44

75:25

370

1,62

580

1,77

Source: Van der Haven et al., 1996
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Z/R ratio

Milk production on robot farms

It is important to regularly check the pulsation tubes for

vacuum will impede blood flow. This can lead to ‘blue’

leaks and to keep the pulsator clean and dry.

teats (blood engorgement) and severe callosity ('bulging'
teat orifices). Blood engorgement is particularly painful for
the cow. Liners are available in rubber and silicone.

Liners
The liner is composed of a mouthpiece and a barrel.
When inserting the liner in the teat cup an annular space

A specific tension should be applied to each type of liner

is created between the liner and the cup, the so-called

during installation. The front tension of silicone liners

pulsation chamber. The opening and closing of the liner is

is much lower than that of rubber liners, because the

created by the pressure differences acting across the liner

opening and closing is mainly created by the material

walls. The movement of the liner is determined by the

itself. When the elasticity of the material decreases, the

pressure difference, the elasticity of the lining, the tension

movement will become more laborious. The shelf life

of the lining in the teat cup and the pulsation curve.

of liners is determined by the number of milkings and
should therefore be adjusted to the intensity of use.

Liners must be able to milk suitably fast, be airtight (liner

Timely replacement is of major importance for good udder

slip) during milking and milk as complete as possible. The

health.

diameter of the liner in relation to the diameter of the teat
and the shape of the mouthpiece are important aspects.

Lely advises replacing silicone liners after 10,000 milkings

Other factors are wall thickness, elasticity and the shape of

and rubber liners after 2,500 milkings. Lely has various

the liner. Type and size of the liner should be adapted to

types of silicone and rubber liners in their product range.

fit the average teat size of the herd.
When the liner is collapsed it massages the teat. This
massge/clamp pressure more or less neutralises the sucking
effect in the opening phase of the liner. A malfunctioning
pulsator will result in inadequate opening and closing of
the liner. Prolonged exposure to vacuum or continuous

Figure: Cross-sectional view of the teat cup and the
functioning of the liner.

Bumping
edge
Bumping edge
space

Figure: Cross-section of the Lely Astronaut milk collection
cup with liner.
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Source: Van der Haven et al., 1996
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Liners

the vacuum variations and the pulsation system.

Liners must be able to milk suitably
fast, be airtight (liner slip) and milk as
complete as possible.
The shelf life of the liner is dependent on
the number of milkings and thus on the
intensity of use.
Timely replacement of the liner is of
major importance for good udder health.
Lely advises replacing silicone liners after
10,000 milkings and rubber liners after
2,500 milkings.

•

•
•

A bimodal milk flow profile is the first milk extracted from
the udder cistern, after which the milk flow stops; the milk
is subsequently released from the alveoli and the milk flow
resumes. Such a profile indicates that the prestimulation
has had insufficient effect.

Figure: Example of a bimodal milk flow profile; at 60 sec the
milk flow speed drops to almost 0.

Fase 1

Milking speed (kg/min)

10

Milk flow profile
The milk flow profile reflects the milk ejection (kg) in
actual time (min). The time during which milk flows from

Fase 3

Fase 4
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5
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0
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5

6

7

— Milking speed

flow just before the liner has opened halfway. The milk

— Milk production

Source: Soede, 1995

flow stops just after the liner has reached halfway. The
milk flow is not continuous; the speed increases upon
opening of the liner and decreases when the liner is about

Milk flow profile

to close. There is no standard for milk flow time; however,
based on research it is assumed that it amounts to 50-65%
of the cycle phase.

•
•

Figure: Milk flow profile and milk production progress of an
efficient milk cow in a conventional situation.
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•

— Milk production (kg)

•
Milk production (kg)

Milking speed (kg/min)

5

8

Time (min)

curve. Radiologial studies have shown that milk begins to

7

25

8

0

the teat cannot directly be derived from the pulsation

Fase 2

The milk flow profile reflects the
milk ejection in actual time.
The milk flow is not continuous;
the speed increases upon opening
of the liner and decreases when
the liner is about to collapse.
The milk flow time is influenced
by the elasticity of the liner,
the vacuum variations and the
pulsation system; an animal’s
genetics also has influence.
A bimodal milk flow profile
indicates that the prestimulation
has had insufficient effect,
resulting in an interruption of milk
flow.

Milk production (kg)

•

The milk flow time is influenced by the elasticity of the liner,
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2.4 Milk removal
In conventional situations, the norm for removing milk
from all four quarters is 0.4 kg/minute. The quantity of

Figure: Milk flow profile with accelerated removal. The red
line represents the vacuum level under the teat. The green
line represents the vacuum level at the top of the teat cup.

milk in each quarter is not the same. Depending on breed,
the front quarters produce on average 40-45% of the
various quarters is greater in older cows. Thus, the front

The moment of removal determines the quantity of milk
that remains in the udder; the residual milk. On the basis
of the milk flow profile, the robot arm will remove milk
from each quarter separately to optimise complete milk

40
Vacuum height (kpa)

teats are often the first to have finished milking.

AB

50

total milk yield. The difference in production between the

30
20
10
0

23 seconds

removal from each teat and to prevent overmilking9.
A. Teat no longer filled with milk.
B. Take-Off.

In the event a teat cup is kicked off and the quarter
has already been milked for more than 80%, the teat
cup is not reattached. The settings for the time of milk

Source: Lely Industries N.V.

removal should not just simply be changed, because the
circumstances on the various farms differ.
The Lely Astronaut robot has sensors for further

Figure: Milk flow profile with decelerated removal. The blue
line represents the vacuum level under the teat. The black
line represents the vacuum level at the top of the teat cup.

refinement of the individual removal time per quarter. The
monitored through a milk flow indicator. When a certain
speed is set. This means that fast milking quarters are
removed at a different milk flow level than slow milking
quarters. It is also possible to set a decelerated removal on
the basis of increased conductivity.

40
Vacuum height (kpa)

quarter has a lower average milk flow, a lower removal
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teat cups are removed depending on the milk flow; this is

30
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Lely has conducted research on vacuum changes with
accelerated and decelerated removal. The following

A. Teat no longer filled with milk.
B. Take-off.

figures show how the vacuum level under the teat
develops in relation to the vacuum level at the top of the

Source: Lely Industries N.V.

teat cup. When a quarter has been completely milked, the
teat no longer fills with milk and the diameter remains
small. This results in more space between the wall and the
teat. The vacuum at the top will then immediately buildup and the exact duration of overmilking can thus be
determined. Overmilking should not occur for longer than
45 seconds at maximum to prevent negative effects on
udder health. Fast removal reduces the overmilking time

Milk removal
•

significantly.

•

9 Overmilking means that the robot is still milking even though milk is no longer secreted
from the udder.

•

Each quarter is removed separately
on the basis of the milk flow profile
to optimise complete milking of
each individual teat and to prevent
overmilking.
In the event a teat cup is kicked off
and the quarter has already been
milked for more than 80%, the teat
cup is not reattached.
The removal speed is related to the
average milk flow level.
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2.5 Post-stimulation
It is apparent from various studies that the risks of
udder infection are reduced when the teats are sprayed

Figure: The spray nozzle on the Astronaut milking robot in
operation.

with disinfectant directly after milking. There are
various aerosol solutions on the market; the main active
ingredients in these substances are iodine, chlorhexidine
and lactic acid. These substances are effective in killing
bacteria. The disadvantage is that they can cause teat skin
irritation. Often glycerin or lanolin is added to the active
substance to retain teat condition. Roughly three types of
dip and spray solutions can be identified:
ff Contact agents: thin consistency, liquid solution and
particularly effective against contagious pathogens.
ff Barrier agents: form a protective layer against
environmental bacteria.
ff Care products: do not have disinfectant properties.
Barrier agents are difficult to spray.
For optimum effect, it is important that the teat is

Source: Lely Industries N.V.

well covered by the solution to enable the formation
of a protective layer. The viscosity – syrupiness – of a
product is an important factor. Teat dips and sprays can
reduce chapping of the teats, particularly in dry weather
conditions, as well as act as a disinfectant. Disinfectants
are not universal for all types of bacteria. Depending on
the prevailing pathogens, it may be necessary to switch to
another solution.
Good cow routing in the barn contributes to udder health.
If, after milking, cows eat and/or drink first before lying
down, the teat orifice is given more time to close. In
addition to spraying of the teats, effective barn lay-out is
important in reducing the risk of urine infections as much
as possible.

Post-stimulation

The Lely Astronaut milking robot provides the option to
spray the teats directly after milking via a spray nozzle

•

attached to the robot arm. The viscosity of the fluid is
important to achieve effective spraying. Draught will also
affect spraying and should therefore be avoided. The
settings of the spray system partly determine the quality
of the post-stimulation provided by the robot. The settings

•

and the pressure for example, determine the effectiveness
of post-stimulation. If the spray pressure is too high, a thin
spray solution will provide too much mist and will result
in an insufficient covering of the solution on the teat. The
settings should therefore be based on the type of solution
used. Regular monitoring of the spray system is important.
Wrapping a piece of paper around the teat after spraying
is an effective method to check whether the teat has been
well covered.
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•

After milking, the Astronaut
milking robot has the option
to spray the teats; studies have
proven that this reduces the risk of
udder health problems.
The settings of the spray system
determine the efficiency of the
spraying and thus the effectivity of
the post-stimulation.
In addition to spraying, an
effective barn lay-out and cow
routing is important in udder
health.

Milk production on robot farms

Maintenance

2.6 Maintenance of the milking robot
The technical performance of the milking robot affects
both the milk production and milking. Udder health, milk

•

yield and milk quality are greatly related to the progress
of the milking process. Wear and tear can result in defects,
leading to malfunctions or (not immediately visible)

•

reduced performance of the robot. The timely execution
of preventive maintenance is important in preventing

•

malfunctions, but also in preventing non-optimal
performance of the milking robot.
Robots should be assessed twice a year in a similar

Preventive maintenance is important in
preventing malfunctions and suboptimal
performance of the robot.
Twice a year all robots are uniformly
assessed conform to Lely’s regulations.
The farmer can execute a major part
of the maintenance himself such as
the replacing or shortening of hoses,
the monitoring and replenishing of
chemicals and spray solutions.

manner and the results should be recorded in a uniform
recommendation report. Standards have been set for the
operation and capacity of the various parts. In addition,
assessment instructions and protocols are available. The

On average, healthy, efficient milk cows require a stimulation

assessment may only be carried out by certified service

time of 2 minutes. A well-shaped udder and excellent udder

technicians who receive annual refresher training.

hygiene promote fast stimulation by the robot.

A large part of robot maintenance can be executed by

To maximise robot output and thus the capacity of the robot,

the farmer himself such as the replacement or shortening

milking speed is important. Cows that milk faster require less

of defect hoses, the controlling and replenishing of

time to be milked by the robot. Other factors influencing the

chemicals, spray solutions and the replacement of liners.

capacity are health, cow traffic and nutrition. Only healthy,

Cleaning of the robot area and robot, and monitoring of

active cows visit the robot voluntarily and frequently. More

the compressor are also tasks that should be carried out

information about robot capacity can be found in the

by the farmer, which will benefit the performance of the

brochure ‘Robot farm management’.

system. Information about the performance of the robot is
stored in the robot's software. It is important to regularly
monitor this information and, if necessary, take action.
Furthermore, the Lely Center will periodically carry out
maintenance on the basis of the service contract. During
this maintenance, the installation is assessed and any
obsolete parts replaced.

2.7 Milking robot capacity

Figure: Influence of milking speed, attachment problems
and shocker settings on the amount of time spent in the
Astronaut milking robot. Standard times: walking into the
robot 2 sec., swing in arm + cleaning the udder 45 sec.,
attachment 15 sec., milking 120 sec., spraying 15 sec. and
walking out of the robot 2 sec.

100%

7,28 min

3,15 min

6,23 min

4,11 min

Slow
milking
cows

Fast
milking
cows

Cow with
attachment
problem

Wrong
shocker
setting

The capacity of an automatic milking system is expressed
in the number of milkings per 24 hours, the number of
cows that are milked by the robot or the amount of litres
of milk produced. With regard to the financial aspect, the
robot output - the number of litres produced - is the best

80%

60%

40%

indication for the capacity.
20%

Robot output is mainly determined by two factors:
milking time and stimulation time. The stimulation time
includes the amount of time the cow needs to walk into
the robot, the amount of time it takes to swing the arm

0%

under the cow, the amount of time to clean the udder, the

Walking into the robot

Milking

attachment time, spraying and the amount of time to walk

Swing in arm and
cleaning the udder

Spaying

Attachment

Walking out of the robot

out of the robot.
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A high number of milkings per day does not automatically

2.8 Other parts

lead to greater robot capacity. When the milk yield per

Lely MQC

milking increases, the number of milkings per day often

MQC is the acronym for Milk Quality Control system. The

decreases. Nevertheless, the milk production shows a

sensors register conductivity, colour, temperature, milking

rising trend. In addition to influencing the time spent in

speed, milk production, milk times, dead milk times11,

the robot, the milking speed also affects daily production.

fat and protein indications and optional cell count. For

High daily productions of 2000 kg for example, can only

example, the system measures by means of light reflection

be achieved with milk yields of 10 kg and more per milking

whether there is any deviation in the colour of the milk.

and a minimum average milking speed of 2.5 kg/min .

Blood milk, colostrum and milk with a colour deviation

10

(caused by mastitis, for example) are easily traced and, if
required, automatically separated.
Figure: Calculated number of milkings per day at various
milking speeds and milk yields and the corresponding
capacity in kg per day (dotted line).

The sensor system also controls the milk on various other
parameters and makes it possible to follow the udder
health of each cow per quarter via the management

— 2 kg/min

— 2,50 kg/min

— 3 kg/min

250

2.500

225

2.250

200

2.000

175

1.750

150

1.500

125

1.250

100

1.000

software. The software processes this information into

8

10

12

14

16

Milk yield per milking (kg)

allows further refinement of the individual removal time
per quarter.
Lely Pura
Kg per day

Milkings per day

useable, combined attention lists. In addition, the MQC

The Pura steam cleaner is a product that cleans the teat
cups between two milkings by blowing steam (160°C)
through the liners. After this short steam injection of
approximately 5 seconds, the liners are rinsed with cold
water to cool them down for the next milking.
10 In the USA, double prestimulation is compulsory and thus has a major effect on robot

Source: Bos et al., 2002

capacity.
11 Dead milking time is the time between attachment and the signalling of the first milk
flow.

Robot capacity
•

•

•
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Financially, robot capacity is best
defined as the number of litres of
milk produced per robot.
In particular, milking time,
attachment time and shocker settings
have a relatively large impact on the
visiting times per cow and therefore
on the capacity of the robot.
High daily production will be
realised with highly productive cows,
averaging more litres of milk per visit
(>10 kg) and high milking speeds
(>450 kg/min).

Milk production on robot farms

Robot arm
The robot arm consists of a laser, the pulsator and a
base station with four teat cups, and the necessary

Other parts

hoses for the removal of air and milk. As the teat cups
are mounted on the arm, the number of movements

•

under the cow is minimalised. This encourages calm and
speeds up teat attachment. In the event a cow kicks off
a teat cup, the automatic detection system will ensure
that it is immediately pulled back onto the arm and not
contaminated by manure remains.

•
Figure: Schematic representation of the parts in the robot
arm on the Astronaut milking robot.

The MQC (Milk Quality Control)
system consists of sensors that
register conductivity, colour,
temperature, milking speed,
milk production, milking times,
dead milk times, fat and protein
indications, and optional cell
count.
The Pura cleans the liners via
steam thus preventing crosscontamination.

1
6
2
5

1. sTDS (laser)

3
4

2. 4-Effect pulsator system
3. MQC2
4. Brushes for prestimulation
5. Vacuum buffer (in the arm)
6. Teat cups
Source: Lely Industries N.V.

Tube filter
The milking robot is fitted with a tube filter or the milk
is guided from the robot through a twin filter. The filter
should be replaced 3x per day; exactly when they should
be replaced depends on the cleaning cycle of the milking
robot. The cleaning times are adjustible in the software.
The filter should be monitored each time for the presence
of dirt and other unwanted particles. If necessary, action
should be taken to trace the cow concerned or remove
the cause. Barn hygiene and clean cows are of paramount
importance for providing quality milk.
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3. Milk quality
Not only should milk have the desired composition, it should also comply with certain hygiene
requirements. In the interest of public health, nutritional value and the use of milk as a raw material in
other dairy products, milk is paid on the basis of both composition and quality. The quality of milk is thus an
important aspect of milking.

3.1 Bacterial count
The perishability of foodstuffs is largely determined by

Good quality raw milk contains less than 10,000 bacteria

the quantity of microorganisms they contain (including

per ml. The bacterial count is expressed as the number of

bacteria and fungi). The bacterial count is the criterion

bacteria divided by 1000, thus in the case of 10,000 bacteria

used for the hygienic quality of milk. In the Netherlands the

per ml a cell count of 10 is recorded in the research results.

Bactoscan FC is used to determine bacterial counts; this is

After the milk is ejected from the teat, the bacterial count

an automatic bacteria counter that works according to the

can only increase.

flow cytometry principle12. Measurement methods vary per
country; culture plates may also be used.

12 F low cytometry: a technique for counting and studying microscopic particles suspended
in a stream of fluid; a light source – usually a laser light of a single (monochrome) colour
– is aimed at a stream of fluid, detectors observe the light reflection and fluorescence of a
passing cell.

30

Milk production on robot farms

Attachment 1 contains a summary of the most common

1 miljard

microorganisms in milk.

15°C

15°C

100 miljoen

4°C

An increased bacterial count can be caused by:
ff Insufficient cleaning of the udder

10 miljoen

When the udder is not sufficiently cleaned by the
brushes on the milking robot, dirt (and thus bacteria)

1 miljoen

can end up in the milk. Regular monitoring of the
brushes (daily) in relation to the cleaning of the udders
important to cow cleanliness and udder health.
ff Insufficient cooling
Mature milk contains more bacteria (as a result of cell

100.000
Bacterial count

can prevent problems. In addition, barn hygiene is also

4°C
10.000

1.000
0

division) than milk that has been recently produced.
Intervention through temperature control – cooling – is
therefore very important. This reduces the activity of
the bacteria. Nevertheless, psychotropic bacteria, which
survive in cold temperatures, remain present.

24

48

72

Storage duration in hours

Figure: Development of the bacterial count when storing
milk with a different initial bacterial count at two different
temperatures Between the dotted lines is the area where
Source: Jellema in Van der Haven et al., 1996
milk decay is perceptible.

ff Udder health problems of dairy cows
Udder health problems result in an increased ejection
of bacteria along with the milk. However, this will only
become evident in the bacterial count when there are
more cows suffering from infections, particularly where
heat-resistant bacteria such as Streptococcus agalactiae
are concerned.
ff Poor cleaning or cleaning problems
Poor cleaning will lead to undesireable milk residues in
the milking robot and hoses. These residues are an ideal
feeding ground for bacteria. It is, therefore, import
when cleaning to use the approprite chemicals to soak
off milk residue and kill bacteria using hot water. The
milk filter should be regularly (3x daily) replaced to
prevent it from becoming a source of contamination
(primarily E.coli bacteria).

3.2 Cell count
The cell count is a standard method for measuring udder
health and fluctuates per individual cow, and often also
per season. The cell count reflects the number of (immune)
cells (a combination of white blood cells and epithelial
cells) per ml of milk.
A good average milk tank cell count is lower than 150,000
cells per ml of milk. Cell counting is carried out in the
Netherlands using the Fossomatic 5000 FC. A colouring
agent is added to the milk, after which the illuminated
cells are automatically13 counted under a special
microscope. A cell count value can be determined for both
individual animals and for the total amount of the milk
tank.
An increased cell count is due to udder health problems
in the herd. This can apply to the entire herd or to a few
individual animals. It is important to discover the cause

Bacterial count

and to take adequare measures to avoid repetition of the
problem. In a healthy udder (cow level), the cell count is
below 100,000.

•

•

•

The bacterial count is a standard for
measuring the hygienic quality of
milk.
Good quality milk contains less
than 10,000 bacteria per ml and
has a bacterial count lower than 10
(number of bacteria per ml/1000).
The bacterial count is primarily
influenced by hygiene, cleaning and
cooling.

13

This is the principle of flow cytometry
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Milk

Blood vessel
Connective tissue

Milk producing
(surface) cell

White blood cell

Figure: Schematic representation of the presence of white blood cells and rejected surface cells in the milk.


3.3. Fat acidity

Source: Hulsen en Lam, 2009

Possible causes of higher fat acidity:

Free fatty acids are created as a result of the fat-splitting

ff Construction and operation of milking robot

lipase enzyme. The protein membrane surrounding the

As a result of mechanical damages, turbelence in the

fat globule can become damaged, causing a reaction and

milk pipework or air impacts, the membrane of the fat

resulting in the splitting off of free fatty acids. Too high

globule becomes damaged. The freezing of milk in the

concentrations of free fatty acids make milk rancid and

tank also causes an increase of fat acidity levels.
ff Milking intervals and milking frequency

unsuitable for consumption and processing.

Shorter milking intervals and higher milking frequency
The acidity of fat is measured through collecting a sample

produce shorter fat chains. These fat chains are more

of the milk fat and neutralising it with a lye solution. The

sensitive to fat splitting. Contiguous with shorter

amount of lye used is the criterion for the amount of free

milking intervals, there is less time available to allow

fatty acids in the milk. In the Netherlands, fat acidity can

the protein membranes surrounding the fat globules

now be measured using infrared equipment. Values lower

to build up. As a result, these membranes are often
inferior in quality and more susceptible to damage.

than 0.5 mmol per 100 grammes of fat are considered
good. Values higher than 0.8 mmol per 100 grammes of fat

ff Nutrition
The energy density in the diet is influential to the

indicate a danger zone.

quality of the fat globules and the protein membrane.
Other dietary factors – for example, the supply of
vitamins and minerals – are also influential, but
researchers do not yet know to what extent.
Milkfat

ff Animal-related factors
Certain breeds produce a different quality of fat which

Protective protein layer

is, to a greater or lesser extent, sensitive to fat splitting.
The lactation stage also affects the quality of fat. Cows
in the negative energy balance period have inferior

Enzyme Lipase

quality protein membranes and an increased risk of fat
splitting.

Figure: Fat globule with protective protein membrane.
Source: Lely Industries N.V.
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3.4 Abnormal milk and undesired milk
Undesired milk cannot be delivered to the factory. This
includes colostrum (milk from the first days of lactation)

Abnormal milk
•

and milk with blood (for example, as a result of teat
kicking). The official definition of abnormal milk is milk
with clinical abnormalities irrespective of cell count.

•

Nevertheless, cell count is still used to assess the quality
of milk. Unsuitable milk is milk that cannot be supplied
due to circumstances, for example as a result of antibiotic

•

treatment of the cow.
Cleanliness

Cleanliness is a criterion for the hygienic
circumstances before and during milking and
for carrying out prestimulation.
Hygiene in the stall, in and around the robot
and clean cows contribute to the delivery of
quality milk.
Register the treatment of a cow in the
software of the robot first before treating
the cow; this is to prevent antibiotic residues
in the milk.

Cleanliness is a criterion for the hygienic circumstances
before and during milking and particularly before
carrying out prestimulation. During the cleanliness test,
part of the milk is sucked through a filter pad. The pad

The following aspects could contribute to good cleanliness:

is visually assessed for contamination in comparison to a

ff Barn hygiene; clean (grid) floor and cubicles.

standard pad. If contaminated, the cleanliness is assessed

ff Clean cows; shaved udder/tails, well-adjusted brushes.

differently.

ff Timely replacement of the milk filter; minimal 3x per
day.
ff Hygiene in and around the robot; regular cleaning.
Antibiotics

Cell count and fat
acidity

Monitoring of animal health plays an important role
within the dairy industry and the use of medication is
sometimes unavoidable. Some medicines are absorbed
into the blood and, as a result, could enter the udder

•

•

•

Cell counting is a criterion for udder
health; a good farm cell count is lower
than 150,000 cells per ml melk.
Free fatty acids in the milk determine
fat acidity; too high concentrations
make the milk rancid and unsuitable
for consumption and processing.
As a result of suboptimal robot
settings, leaking milk hoses/liners,
dietary factors, too high milk
frequencies or animal-related factors,
the fat acidity can become too high
(higher than 0.80 mmol per 100
grammes of fat).

tissue or end up in the milk. To avoid endangering public
health, these substances may not be present in the milk.
Moreover, these medicines inhibit the processing of milk
into dairy products
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The dairy farmer should take the following aspects into
account:

Butyric acid comprehensive study (%results++)
4,00

ff Use only approved and registered medicines.
ff Take the waiting time into account, even during the dry
period. Lely recommends carrying out a test to check for

3,50

3,00

the presence of residues before the milk is delivered.
ff Always register the treatment in the software of the
milking robot first prior to carrying out the treatment.

2,50

2,00

Make sure the treated animal is clearly recognisable.
1,50

3.5 Butyric acid bacteria

1,00

Butyric acid bacteria have a negative effect on the
processing of milk into dairy products, particularly cheese.
To test for the presence of butyric acid bacteria part of
the milk is mixed with a research medium. The mixture is

0,50

0,00
Jan

Feb

Mar

Apr

May

formation, which can only be assessed after four days. Two

Jul

Aug

Sep

Oct

Nov

Dec

months

heated to 80°C so that any traces of butyric acid bacteria
germinate. The development of these germs leads to gas

Jun

Figure: Butyric acid comprehensive study (% results ++) in
Source: Productschap Zuivel (Dairy Commodity Board)
the Netherlands in 2008

tubes per sample are used and there are three possible
results: --, +-, ++. The presence of butyric acid bacteria is
influenced by the quality of the grass silage and by (barn)
hygiene. The technique of roughage production is crucial
to avoid problems.

3.6 Freezing point
The freezing point of milk varies only minimally because it
is closely linked to the composition of blood flow through
the udder. Determination of the freezing point is carried
out to check for the dilution of milk with water. Water in
milk is undesired and leads to difficulties in processing. The
freezing point should be -0,505°C or lower.

Butyric acid and
freezing point
•

•
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To minimise levels of butyric
acid in milk, quality feed and
roughage production is of crucial
importance.
The freezing point of milk is
determined to check for the
interference of water.

Milk production on robot farms

4. Udder health
The status of udder health on dairy farms affects the quality of milk. To safeguard public health, quality
milk is required to be produced according to specification before it can be delivered to the factory. The
udder health of cows is determined by a multitude of factors, both at cow level and at ambient level. Good
udder health means that the cow is able to react adequately to external threats.

4.1 Udder inflammation

a clinical and sub-clinical form. Sub-clinical mastitis is a

Mastitis is an inflammation of the udder tissue.

latent inflammatory process, involving a balance between

Inflammation is a reaction of the body to stimuli such

the pathogens and the immune cells. Clinical mastitis

as bacteria, trauma, toxins (other non-infectious and

involves other symptoms such as the visible abnormality of

sometimes poisonous substances). Mastitis is usually

milk (clots, flakes, off-white colour) and udder (hot, red,

caused by the penetration of bacteria in the teat via

hard, painful), temperature increase and reduced feed

the teat canal. The inflammation can manifest itself in

intake.
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Table: Two types of mastitis pathogens with characteristics and possible treatment.

Characteristics

Approach

The contagious types

This type of bacteria can barely survive outside the cow and

of bacteria

are generally spread during milking. Examples: S. Agalactiae,
S. Dysagalactiae, S. Aureus.

Environmental types
of bacteria

Source: Adapted from Vetvice

Identify and treat infected cows. Monitor milking, teat
spraying and cleaning functioning of the robot.*

This type of bacteria lives in the barn. They can enter the

Improve the hygiene and dryness in the barn environment.

teat via the opening and can cause mastitis. Includes orga-

Important influencing factors are ventilation, cleanliness of

nisms like E.Coli, Klebsiella, S. Uberis.

floors and cubicles etc

*By applying a steam cleaning device on the milking robot, the cross contamination from cow to cow can be prevented.

Mastitis pathogens

Specific and non-specific immunity

The bacteria caused by udder inflammation are sub-

Two levels of immunity can be distinguished: non-specific

divided into contageous and environmental bacteria. Some

and specific immunity. Non-specific immunity is the first

mastitis pathogens have the characteristics of both forms.

defense mechanism of the cow and comprises:
ff Two levels of immunity can be distinguished: non-

Bacteria are unicellular organisms that reproduce primarily
through binary fission . The simplest way to classify
14

bacteria is according to their appearance, but to be able
to see them they must first be stained and then magnified
approximately 1000-fold under a microscope. The Gram

specific and specific immunity. Non-specific immunity is
the first defense mechanism of the cow and comprises:
ff The pH of the skin; fatty acids on the surface of the skin
inhibit the growth of bacteria.
ff The teat orifice; elastic fibres in the teat wall affect duct

stain method is the most popular staining technique.

closure (sphincter muscle) and prevent the prenetration

Bacteria are subsequently divided into two main groups

of bacteria.

according to their Gram stain characteristics: red Gram-

ff The milk flow; removes dead tissue, cells and germs.

negative, including Escherichia coli, and blue Gram-

ff The keratin layer in the teat canal; forms a physical

positive, including Streptococcus Agalactiae, Streptococcus
Dysgalactiae and Staphylococcus Aureus.

barrier against penetrating germs and has a
bacteriostatic effect.
ff Interference; colonisation of the epithelium can have a

Ascertaining the mastitis pathogen is important to allow
specific forms of prevention and/or treatment. Contageous

protective effect against pathogens15.
ff The Ring of Fürstenberg; these mucosal folds possess

bacteria grow in udder tissue and are spread via the milk

antibacterial characteristics – ubiquitin and a lysozym-

installation. The Lely Astronaut robot has a Pura steam

like protein.

installation which is almost 100% effective in eliminating

ff Adhesion; primarlily Gram-positive bacteria attach

cross-contamination and thus the transfer of contagious

themselves to the epithelium, thereby reducing

bacteria. Environmental bacteria do not need the cow
in order to survive. These bacteria are mainly found in

contamination.
ff Antibacterial systems in the milk; lysozym (bacterial

manure, litter and in the cubicle. Therefore, these bacteria

cell wall hydrolysis), lactoperoxidase-rhodanide-H2O2

can also colonise the udder skin and eventually enter the

system (inhibits bacterial growth), lactoferrin (iron-

teat canal.

binding complexes) and the complement system
(binding of specific antibodies) inhibit bacterial growth.
The specific immunity comprises the humoral and
cellular immunity. Humoral immunity includes the
immunoglobulins, which are produced by antibodysecreting B-lymphocytes. Cellular immunity mainly involves
macrophages and leucocytes, which are mediated by
T-lymphocytes.

14	Binary fission is the splitting of a parent cell into two.
15	A pathogen is a germ that causes disease.
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Table: Various types of mastitis pathogens

Naam

Source / prevention

Streptococcus

Udder; adheres to the
epithelium of the teat
canal and cistern, causes
lesions through production
of lactic acid.

agalactiae
(SAG)

Source: Van der Haven et al., 1996, Hulsen and Lam, 2009; Wageningen-UR; Philpot en Nickerson

Infection / symptoms

Effect

Treatment /
prevention

ff Very contagious.

ff Major impact on cell

ff Transmission via milk.

ff Subclinical infections
with sometimes clinical
outbreaks.

count.
ff Extreme callosity of the
teat.
ff Reduced production of the

ff Hygiene and disinfection
are important.
ff Treatment with antibiotics
(penicillin) is effective.

quarter.

Streptococcus

Udder and cow skin.

ff More common in heifers.

dysagalactiae

uberis

ff Maintain teat condition.

ff Linked to teat damage

ff Treatment with antibiotics

and wounds.

(SDY)
Streptococcus

ff High cell count.

Udder, skin, manure,
cubicles.

ff Low contamination.

ff Minor effect on cell count.

ff Often subclinical infection.

ff Production loss.

(penicillin) is effective.

ff Hygiene and aridity in the
barn and cubicles.
ff Optimise cow’s resistance.

(SUB)

ff Clinical infections heal,
chronic infections persist.

Staphylococcus
aureus
(SAU)

Udder; appears on udder
skin, in the milk and in the
mucosae Penetrate deep
into the glandular tissue
(encapsulated).

ff Highly contagious.
ff Clinical and subclinical and
(chronic) forms.
ff Wavering infecton picture.

ff Varying effect on cell
count (sometimes very
high, then returning to
normal).
ff Often leads to tissue

ff Identify contaminated
cows and treat or cull.
ff Strict hygiene to prevent
transmission. Result of
treatment varies.

damage.

Escherichia coli

Manure, cubicle.

(ECO)

ff Clinical mastitis.

ff Minor effect on cell count.

ff High production of toxins,

ff Quarter often lost and

cow often very sick.

Coagulase
negatieve
staphylococcen

Udder; appears on udder
skin, in the milk and in the
mucosae.

ff Wide group of bacteria.

ff Optimise cow’s resistance.

production.

ff Result of treatment varies.

ff Minor effect on cell count.

ff Usually heifers and at

ff Optimise udder health of
heifers.

beginning of lactation.

ff Improve milking
technique.
ff Result of treatment varies.

Lives in the ground, present
in sawdust (from forest
environment).

ff Acute, serious mastitis and

ff Varying effect on cell

a sick cow, then later often

count, chronic animals

chronic.

significantly increased cell
count.

Gisten

barn and cubicles.

no longer suitable for

(STC)
Klebsiella

ff Hygiene and aridity in the

In environment and on cow
skin.

ff Secondary infection in

ff Minor effect on cell count.

addition to mastitis.

ff Identify infection source
and eliminate .
ff Monitor sawdust quality
(disinfected).
ff Cull chronic cases.
ff Work hygienically.

ff Develops through

ff Cow resistance.

unhygienic application
of injections or repeated
needle use.
Pseudomonas

In environment, thrives in
damp circumstances.

ff Can cause very violent,
deadly mastitis.

ff Varying effect on cell
count.

ff Cull infected cows.
ff Hygiene in barn, cubicles
and environment.
ff Does not respond to
treatment.

Mycoplasma

Germ that infects the udder
via bloodstream.

ff Causes joint problems and
lung disorders.

ff Major impact on cell
count.

ff Cull infected cows.
ff Prevent purchase of
infected cattle.
ff Work hygienically.
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Figure: The emergence of udder inflammation.

D
Source: Philpot and Nickerson

Udder inflammation emerges when bacteria (•) reaches the
cistern via the teat canal.
A.	The adhesion of bacteria to the internal tissue prevents leakage
during milking and causes an inflammatory reaction.
B.	Bacteria can multiply in the alveoli.
C.	The bacteria produce toxins (small arrows) that damage the milkproducing cells whereupon a substance (large arrows) is released
into the bloodstream which increases the permeability of the cell
membrane from the bloodstream.
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D.	As a result of the aforementioned process, serum and white
blood cells can move into the alveoli and attack the
inflammation.

Milk production on robot farms

Very few cells are present in milk from healthy cows. An
invasion of bacteria in the udder will result in a greater
proportion of leucocytes transferring to the udder; the
cell count in the milk will increase from approximately

Mastitis:
•

100,000 cells to more than one million cells. As a result of
the udder inflammation, the composition of the milk will
also change.

•

Parameters udder health
Udder health is monitored in various ways. The Astronaut
milking robot supplies information about each milking

•

through various parameters, so that potential problems
can be detected early. The dairy farmer or his employee
does not see every cow’s udder, in contrast to the
circumstances during conventional milking. In addition, a

•

robot milks, on average, 50 to 70 cows 2.70 times a day.
Udder health is monitored via the following parameters:
ff Conductivity
ff Category cell count
ff Colour of the milk
ff Dead milking time and milking time (the time between
attachment and the first milk flow)
ff Behaviour between the visits to the robot

•

Mastitis is an inflammation (clinical
or subclinical) of the udder tissue;
primarily through the penetration of
bacteria in the teat via the teat canal.
Contageous bacteria grow in the
udder tissue and are spread through
the milking installation.
Environmental bacteria do not need
the cow to survive; these bacteria are
mainly found in manure, litter and
cubicles.
Aspecific immunity is the first defense
mechanism of the cow, predominantly
the pH of the skin, the teat opening
and the keratin layer.
Udder health is monitored via the
following parameters: conductivity,
category cell count, colour of the milk,
dead milk times and milking times,
behavior between the visits to the
robot.

The milking robot provides the dairy farmer with
information per quarter and can give indications when any
abnormalities are observed. The milking robot measures
the conductivity (sodium and chloride levels in the milk)
since mastitis milk has a higher salt content than normal
milk. The MQC-C allows the cell count of individual cows to
be divided into a specific category. An infection leads to a
higher proportion of cells in the milk.
Dead milking times – the time between attachment and
when the first milk flow is detected – could increase and
be a reason why the milking failed. This is an indication
that there may be problems with a specific quarter, such
as clots, which impede milk flow. Also, the behaviour
between robot visits can provide information about the
(udder) health of a cow. When a cow appears on the
attention list without reason, there may be something
wrong (disease, claw problems, udder inflammation e.g.).
Always visually check cows in the barn when they appear
on the attention list without reason in order to tackle
problems early and treat them.
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4.2 Factors influencing udder health

Milk removal

The teat orifice forms an important natural barrier against

Efficient milk removal ensures low residual milk in the

the penetration of bacteria. When the settings (vacuum

udder and results in a higher milk yield. Furthermore,

level, suction-rest ratio) on the robot are not correct,

cows whose quarters have been insufficiently milked are

severe callosity of the teat end may occur. Callosity

more susceptible to milk leakage when lying down. A high

impedes the closing of the teat opening after milking,

vacuum level in combination with ill-fitting liners impedes

which increases the risk of mastitis. An inaccurate setting

complete milk removal of the cow. Research has shown

of the robot may also lead to swelling or discolouration of

that milk contains a protein that negatively affects the

the teat. Teat swelling is a signal of fluid accumulation and

milk-secreting cells in the alveoli. Milk synthesis is inhibited

tissue damage in the teat.

under the influence of this protein. From this point of
view and from the perspective of udder health, achieving

Teat quality assessment

complete milk removal is important. However, milking for

Teat ends are monitored preferably every month and

too long should be avoided.

a score allocated to evaluate the quality of the milking
process. Take action if more than 10% of the teats shows

Milking frequency

abnormal bulging or extreme callosity (score 3 or higher,

Increasing milk frequency may lead to a production

see Attachment 2). A different scoring system is used

increase of up to 15%. The reason why milk yield increases

in Canada and America but the intention is the same.

with a higher number of milkings is due to the exposure

Assess also the condition of the entire teat. Look for

to hormones, which stimulates milk yield. Furthermore,

any discolouration, deformation or wetness of the teat.

milk contains an inhibitory substance which, as the

Deviations in teat quality can be caused by many factors

removal frequency increases, may exert less effect on

(see Attachment 3).

milk synthesis. It is notable that cows with a smaller udder
cistern are generally more sensitive to more frequent milk

Vacuum fluctuations

removal than cows with a larger udder cistern, the so-

Air intake and vacuum fluctuations could propel milk

called satiation effect.

droplets towards the teat end at high speeds, the so-called
impacts. Impacts mainly occur during removal of the teat
cups. The Astronaut milking robot removes the teat cups
per quarter without vacuum, thereby minimising the risk
of impacts.
Replacing liners
Research has shown that many dairy farmers replace liners
too late. The liners stretch and lose their elasticity over
time, and hairline cracks develop. The milking process will
thus take longer to complete, which increases the risk of
mastitis and reduces the capacity of the robot.

Figure: Microscopic photos of liners (100x magnified).

Rubber liner, new
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Rubber liner, used

Source: Siliconform

Lely silicone liner, new

Lely silicone liner, used

Milk production on robot farms

More frequent milking has both short-term and long-

few percentage points compared with irregular milking

term effects. The short-term effect is an increase in milk

intervals. This is based on the fact that milk synthesis

production as a result of an increased milk-secreting cell

and secretion begin to decline 10 hours after the last

activity. The long-term effect is an increased activity due

milking due to increased udder pressure and inhibitory

to the increase in the number of milk-producing cells.

mechanisms.

More frequent milking has a positive effect on udder
health because the bacteria are flushed from the udder
effect on animal welfare as high-productive cows with a
high udder pressure lie down less often.

Figure: Milking interval in relation to milk yield and milking
duration per cow per day on the high tech farm.

Source: André et al., 2006
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Milking intervals
should be milked at least twice a day, preferably at
regular intervals. On average, the herd is milked at least
450 times a day, resulting in milking intervals of 6 to 12
hours. Lely has developed dynamic milking to meet the
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Milk yield (kg)

Milking intervals on robot farms vary per cow. All animals
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Table: Milking technique factors and the impact on udder health.

Source: Wageningen-UR; Miltenburg et al., 1997; Van der Haven et al., 1996, Hovinen, 2009

Factor

Effect

Prevention

Irregular vacuum

Negative; transport of bacteria to teat canal, teat cavity or

Do not remove teat cups under vacuum, remove per

variations

even the udder cistern.

quarter, replace hoses and liners timely.

Cyclic vacuum variations

Negative; transport of bacteria to teat canal, teat cavity or

Smooth removal of milk from liner, replace hoses and

even the udder cistern.

liners timely.

Negative; transport of bacteria to teat canal, teat cavity or

Avoid air intake, replace hoses timely, ensure stress-free

even the udder cistern.

environment.

Negative; high vacuum results in greater stress on teats

Set vacuum level according to milking speed, preferably

and often more residual milk .

consult a specialist.

Variable; depending on liner.

Suction-rest ratio must be adapted to liner and vacuum

Liner slips

High vacuum

Ample suction-rest ratio

Milking duration (minutes)

more often. More frequent milking also has a positive

level, preferably consult a specialist.
Incomplete milking

Variable; depending on amount of residual milk, lactation

5-10% residual milk acceptable, timely replacement of

(residual milk)

stage, immunity.

liners.

Air suction intake

Negative; as a result of unrest air intake can lead to the

Stress-free environment, adapt amount of concentrate

transport of bacteria to teat cavity and udder cistern.

feed to milking time, replace hoses timely.

Overmilking

Negative; greater stress on teats.

Remove teat cups per quarter, optimal removal setting,

Teat disinfection

Positive; disinfection reduces bacteria by 50-70%.

preferably consult a specialist.
In addition to skin care, disinfection is an important
aspect.
Moment of liner

Negative; late replacement leads to increased milking time

replacement

and greater strain on teats.

Replace liners timely to avoid callosity of teat end.

Liner dimensions

Ill-fitting liners have a negative effect on udder health;

Ensure liner dimensions are correctly adapted to average

increased risk of blue teats and flat teats.

teat sizes in the herd.

Milking frequency

Positive; bacteria flushed from the udder more frequently.

Ensure optimal voluntary robot visits and good cow

Milking interval

Variable; depending on regularity – irregular visits has

Ensure optimal voluntary robot visits and good cow

negative effect.

routing in the barn.

routing in the barn.
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Hygiene

The following figures (from the last three months) should

A clean environment reduces the risk of contamination by

be known in order to make a reliable analysis:

various bacterial species. One way of assessing hygiene is

1. Tank cell count.

to allocate an udder hygiene score (see Attachment 4).

2. Percentage of cows with a cell count >250,000 cells/ml.
3. Percentage of new cows with a cell count >250,000

Other factors
Many mastitis problems can be traced back to two
moments in the lactation cycle: the beginning of the

cells/ml.
4. Repeated cases of a high cell count (>250.000) as a
percentage.

dry period and around calving time. The source of the

5. Number of clinical mastitis cases (percentage).

infection in cows that develop mastitis 30 days after

6. Number of repeated clinical mastitis cases (percentage).

calving can usually be traced back to the beginning of the

7. Results of any bacteriological tests (BO).

dry period. When mastitis develops later on, the source of
the infection lies at the beginning of the lactation period.

An infection is influenced by three factors: the immunity
of the cow, the presence of bacteria and the environment.
The risk of mastitis increases if any of these factors get
out of balance. To improve udder health, it is important

Factors affecting
udder health

to limit new cases of mastitis and to reduce the number of
old mastitis cases.
Treatment

•

•

•

•

Teat ends are monitored preferably
every month and allocated a score to
evaluate the quality of the milking
process.
Assess also the condition of the entire
teat, check for any discolouration,
deformation or wetness of the teat.
Deviations in teat quality can be
caused by many factors: vacuum
fluctuations, liners, milking intervals,
milking frequency, complete milking
and other settings on the robot.
Cleanliness of the teats and udder has
a major impact on udder health.

Mastitis should be treated quickly and efficiently. A
quarter which has been infected runs three times the
risk of becoming infected again. Research proves that
treatment of an infected quarter via the udder has almost
an equal recovery percentage as combined therapy where
treatment in the neck is also carried out. Combination
therapy with pain control contributes to the healing
process only where it concerns sick animals. Prolonged
therapy, regardless of the chosen medium, leads to
evidently higher healing chances.
Prevention
Depending on the cause of the infection, direct action
can be taken to improve udder health. Infections caused
by contageous bacteria demand better milk hygiene. The
Lely Astronaut robot has a Pura steam device whereby
contamination of the cow is reduced to almost zero.
Infections caused by environmental bacteria can be
prevented, particularly through improving milk hygiene
in the barn, cubicles and robot. Check the brush settings
and the operation and effectivity of the cleaning and spray

4.3 Treatment and prevention
The cause of udder health problems is often difficult
to trace. Attachment 5 provides a step-by-step
plan to systematically determine possible causes of
udder health problems and take appropriate action.
First of all, it is important to determine whether a
small or a large group of animals is infected.
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installations to prevent dirty teats.

Milk production on robot farms

Figure: Representation of a good treatment procedure.

A. Subcutaneous injection technique

Inject needle at right angles to the skin in
the green triangle. The triangle is a
handwidth from the shoulder blade, under
the neckline and above the neck vertebrae
(pink line).

Pinch the skin and inject the needle at an
angle between skin and underlying
muscles. Injecting subcutaneously in the
neck can be carried out in the triangle, up
to the pink line.

B. Insertion of injector

1. Pre-eject.

2. Disinfect.

3. Short end.

4. Dip or spray.

Massaging the injector contents up into the teat has no effect. An injector opens the teat
duct and pushes the keratin clot which is blocking the orifice up into the teat cistern. Be sure
to work super clean with injectors without antibiotics.

Source: Hulsen en Lam, 2009

Treatment and prevention of udder problems
•
•
•
•
•
•

It is important to systematically determine possible causes of udder health problems and
take appropriate action.
An infection is influenced by three factors: the immunity of the cow, the presence of
bacteria and the environment.
The risk of mastitis increases if any of these factors get out of balance.
Mastitis should be treated quickly and efficiently; a quarter which has been infected runs
three times the risk of becoming infected again.
Prevention of udder health problems can be achieved through working hygienically and
by regularly checking the cleanliness and operation of the robot.
The management programme T4C provides important information for tracing (udder)
health problems.
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5. Hygiene
Hygiene is an important aspect in milking. Proper and timely cleaning, preventive maintenance, hygienic
conditions in and around the robot and in the barn, are of importance in order to deliver first-class milk
quality.

5.1 Cleaning carried out by the milking
robot

ff Steam cleaning; the teat cups are steam cleaned which

For automatic milking systems, various types of cleaning

ff Cleaning; the cleaning cycle should be carried out three

procedures can be distinguished:

kills the bacteria (see paragraph 2.8).
times a day (see paragraph 5.2).

ff Teat cleaning; the brushes clean the teat before the teat
cups are attached (see paragraph 2.1).
ff Interim cleaning; the teat cups are rinsed after every
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The purpose of the Lely Wash is to prevent adhesion of
milk residues in the pipework and to prevent residues

cow visit. During this procedure, the cluster and

ending up in the milk. The Astronaut milking robot has

pipelines are rinsed after the robot has remained

various interim cleaning cycles. The Lely Wash system cleans

stationary for a while, or after the milk has been

the teat cups after each milking. This system rinses the

separated. On the Lely milking robot this procedure is

inside and outside of each teat cup clean. Rinsing in the

called the Lely Wash.

direction of the milk flow is unique and the risk of bacteria

Milk production on robot farms

Figure: Cleaning of the brushes with Astri-L.

Figure: Cleaning of the teat cups with steam.

Source: Lely Industries N.V.

Source: Lely Industries N.V.

remaining behind is minimal. Cleaning of the brushes is also

ff Duration

part of the system. The brushes are cleaned and disinfected

The maximum duration is determined by the speed at

during each milking the moment milk flow is detected. It is

which the minimum temperature is reached. A certain

also possible to programme a rinse cycle after every tenth

amount of time is also required to remove milk residues

milking. Rinsing also takes place after separation of the

and to allow the cleaning agents to do their work.

milk or colostrum, identical to the pre-rinse programme.of

Milking is a continuous process, which is why Lely has

the rinsing cycle.

developed a special cleaning method, as well as to
minimise robot capacity as much as possible. Cleaning

Efficient cleaning should meet the following requirements:
ff Very little time involved; a longer procedure reduces the
capacity of the robot.
ff Uses energy and water sparingly; a reduction in energy

takes approximately 10 minutes to complete.
ff Detergent
For a good cleaning effect, the correct concentration
of cleaning agent is necessary. The concentration is

and water limits the costs and reduces the impact on the

mentioned on the lable of the product, but it is usually

environment.

0.50%. Always be alert when using and storing cleaning

ff Leaves no residue behind
ff Results in clean and disinfected milking robots and
pipework.

agents in the robot in relation to human and animal
safety!
ff Man
In the figure, man takes up central position because

The following factors play a role during cleaning:

he supervises the entire process during the cleaning

ff Temperature

programme. Any malfunctions need to be addressed

The cleaning effect is better at a higher temperature.

and regular preventive maintenance should be carried

Too high temperatures can damage the material and

out. When checking the processes, the milk tank should

reduce the effect of the cleaning agent (see paragraph

not be overlooked.

5.2).
ff Mechanical operation
The mechanical operation is also called turbulence and
facilitates effective cleaning. Turbulence is simply the
inclusion of air in the rinsing programme in order to
increase the force of the fluid. A minimum flow rate of
7-12 m/sec is the standard turbulence calculation used.
The Lely Astronaut milking robot uses compressed air to
provide the required turbulence.
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5.2 Cleaning cycle
The robot's cleaning cycle consists of three process stages:

Cleaning by the
robot

ff The pre-rinse
The pre-rinse removes milk residues and dirt particles
from the system. This is known as displacement rinsing.

•

•

•

During milking with the robot,
several cleaning processes take place:
teat cleaning, interim cleaning (Lely
Wash), steam cleaning and a main
cleaning cycle.
A good cleaning cycle is frugal with
water and energy, ensures clean and
disinfected milking robots, takes up
little time and does not leave residues
behind.
The following factors play a role
during efficient cleaning: time,
concentration measure, temperature,
man and the mechanical operation

If the milk residues are not removed, the proteins will
precipitate during the main rinsing cycle and the effect
of the cleaning agent will then be reduced. The water
may have a maximum temperature of 40°C to effectively
remove milk residues and prevent protein precipitation.
ff The main cleaning cycle
The main cleaning cycle cleans and disinfects the
milking robot and pipework. A so-called heat cleaning
is carried out in combination with a cleaning agent.
During heat cleaning, water at a temperature of 98°C
is sucked through the system in one go directly after
milking and then drained away. Bacteria can be killed
through maintaining a temperature of 77°C for a
minumum period of 2 minutes.
ff The final rinse
The final rinse after the main cleaning cycle prevents
residue from cleaning agents, thus preventing
corrosion16, and cools down the system. The rinsing is
carried out with cold tap water.

Figure: Factors that influence the cleaning process.

O

Cleaning agent

mechanical operation

C

temperature

duration
man

16	The most common forms of corrosion are the erosion of metal surfaces formed by the presence of oxygen and moisture in the air such as the rusting of iron, and the green patina of copper.
However, corrosion can also occur in watery environments and at high temperatures, and it can also affect ceramic and plastic materials
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The Astronaut milking robot carries out a heat cleaning

Cleaning agents

cycle in combination with the use of chemicals. The main

The use of alkaline cleaning agents may lead to scale

reason for selecting heat cleaning is the time-saving that

formation. This scale should be removed by carrying out

it generates; in addition, the number of couplings and

a cleaning cycle using an acidic medium at least twice a

amount of pipework can be limited.

week. An acidic medium will reduce the scale and ensure
that it is removed.

During cleaning, the vacuum is reduced to maintain a
higher water temperature.

The Lely cleaning agents for the robot and brushes are:
ff Lely Astri-Lin: a liquid, alkaline cleaning agent with

Water consumption

high active complex builders, a perfect solution for

The amount of water consumed includes the necessary

any hard water. Mineral compositions are dissolved in

amount for the prestimulation and the various cleaning

the cleaning water to counteract lime deposits. This

cycles. During the pre-rinse, the Astronaut consumes

cleaning agent is biodegradable and has no negative

approximately 12 litres of water, depending on the water

effect on the teat cups.

pressure. The pre-rinsing time is adjustable but it takes

ff Lely Astri-L brush cleaner: a concentrated liquid cleaning

at least 90 seconds. The duration of the main cleaning

agent specially developed for the Lely Astronaut milking

cycle is also adjustable and can take up to 6 minutes. The

robot brushes. Optimum cleaning of the brushes is

amount of water consumed is 30 to 45 litres. The final

guaranteed. The cleaning agent guarantees a significant

rinse consumes 16 litres of water, depending on the water

reduction of bacterial counts.

pressure. The rinsing time is adjustable and takes at least 2
minutes.

ff Lely Astri-Cid: is used during the main cleaning cycle to
descale the system. It also removes mineral compositions
such as lime and milk residues. Astri-Cid contains special

Energy consumption

elements that efficiently remove fats and proteins

The energy consumed by automatic milking systems

within an acid-like environment. Astri-Cid is 100%

consists of the system's basic load, the vacuum pump,

chlorine-free and biodegradable.

the milking pump, the hot water supply and compressed
air necessary for the operation of the system and the

Wastewater

fencing. In addition, energy is required for cooling of the

Cleaning of the milking robot creates wastewater which

milk, depending on the useage of pre-cooling and heat

may not be discharched into a surface water source or

recovery.

into the ground. The cleaning water can, in principle, be
reused. Pre-rinse water can be used as drinking water.
The remaining wastewater can be used for cleaning the
milking parlour under a low pressure.
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5.3 Hygiene around the milking robot

In general, there are three preventive measures to keep the

Udder and barn hygiene deserve extra attention on robot

cows’ udders as clean as possible.

farms, but so does hygiene in and around the milking

ff Dry and clean cubicles; use suitable litter or sand; the

robot. Research has shown that hygiene contributes

dimensions of the cubicles should be of an appropriate

significantly to good udder health. On robot farms, the

size to prevent soiling and to allow the cows to lie down

control room is located to the side of the robot arm. This

comfortably. Clean out the cubicles at least twice a day

room contains the robot controls and things such as the
milk glass and possibly the filter tube. These parts should
be cleaned regularly.

and remove manure, urine, milk and wet patches.
ff Dry and clean floors; remove manure regularly, for
example with a Discovery and provide sufficient
ventilation.

The figure below indicates how bacteria are transmitted

ff Remove excess hair growth on the udders and tails;

and how contamination can occur. It is, therefore,

shave or burn the hair from the udder regularly,

important to maintain hygiene standards in the robot, the

preferably every three months in the summer and every

barn and the environment in order to keep udder health at

eight weeks in the winter.

a high level and reduce cases of mastitis.
Shaving or burning of hair growth on udder and tail

5.4 Hygiene in the barn

is also important to prevent soiling of the laser when

Cubicles should be clean and dry, since research has shown

determining the teat location. The number of failed

that cows with dirty udders are more susceptible to bacterial

milkings can increase as a result of excess hair growth and

contamination such as Klebsiella (and thus other bacteria) than

will thus reduce the capacity of the robot. The aim is to

cows with clean udders. When the hygiene score improves

have less than 10% dirty udders (see Attachment 4).

(see Attachment 4) the risk of contamination with bacteria
will decrease. Research has also shown that farms with a poor
hygiene score generally also have a higher tank cell count. It
is, therefore, important to fully utilise the brush settings and
disinfectant methods provided by the Astronaut milking robot
and to regularly monitor their effectiveness.

Cleaning cycle
•
•
•
•
•
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The cleaning consists of three process stages: the pre-rinse, the main cleaning and the final rinse.
The main cleaning takes place according to the principle of the heat cleaning in combination with
chemicals.
The Lely Astronaut robot uses energy and water sparingly.
The appropriate chemicals should be used during the cleaninge process – Lely has a special series of
Astri products designed for this purpose.
Wastewater from the cleaning system may not be discharged into surface water sources or into the
ground.

Milk production on robot farms

Figure: The major routes of bacterial transmission.

Healthy cow

Infected quarter
or teat lesion

Between Milkings

During Milking

Prevention

ff Manure

ff Teat-cup*

ff Spraying

ff Contaminated bedding

ff Brushes**

ff Soil

ff Other parts

ff Water
* Lely Pura prevents cross-contamination
** Sufficient Lely Astri-: prevents contamination

Figure: clean udders (score 1) are less likely to have
Klebsiella than dirty udders (score 3).

Hygiene

80%

•

70%

Klebsiella positive

60%

•

50%
40%
30%
20%

•

10%
0%
1

2

Udder hygiene score

3

The hygiene score of the udders is
significantly related to the risk of
infection with bacteria.
Preventive measures to keep the udders
of cows as clean as possible are: dry and
clean cubicles and floors, avoid excess
hair growth.
Maintain hygiene standards of cows,
robot, stall and environment to keep
udder health at a high level and reduce
cases of mastitis.

Source: Zadoks et al., 2008
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Attachments
Attachment 1:

Microorganisms in the milk

Name

Source

Corynebacterium bovis

Teat canal

Micrococcus species

Staphylococcus epidermis

Teat canal, skin,
environment
Teat canal, skin,
environment

Growth
possible in
raw milk

Thermoresistent *

udder, skin, sick

-

Non- pathogenic

No influence

+

-

Probably non-pathogenic

Of little influence

++

-

Probably non-pathogenic

Of little influence

++

-

++

-(?)

Udder inflammation

Sour milk

+

-(?)

Udder inflammation (sour)

Of little influence

milker
Streptococcus agalactiae,
S. dysgalactiae, S.
pyogenes and S. uberis
Corynebacterium
pyogenes

Internal udder,
environment

Internal udder, flies

machine, impure

++

-

water
Mycobacterium

inflammation, ulcers

Of little influence

Udder inflammation,

splitting in milk and

intestinal disorders

dairy prod.: “putrid” and
gaseous

Sick cow, sick milker

-

-

Bacillus anthracis

Sick cow

-

-

Brucella abortus

Sick cow

-

-

tuberculosis

Food poisoning, udder

Protein and carbohydrate

Faeces, milking
Coli-like

Spoilage

+

Teat canal, internal
Staphylococcus aureus

Pathogenicity

Udder inflammation,
tuberculosis
Anthrax

No influence
No influence

Contageous reject (cow),
disease similar to Malta

No influence

fever (humans)
Sick cow,
Listeria monocytogenes

environment,

+

-

+

-

Fever, eventually death

No influence

manure
Salmonella and Shigella

Manure, impure
water

Intestinal disorders, udder
inflammation

No influence

Campylobacter jejuni

Manure

-

-

Intestinal disorders

No influence

Coxiella burnetti

Infected cattle

-

-

Q-Fever (humans)

No influence

-

-(?)

Cholera

No influence

-

+

Botulism (toxin in feed)

No influence

(+)

+

Intestinal disorders

No influence

-

±

Vibrio cholerae
Clostridium botulinum
Clostridium perfringens

Viruses

Impure water, sick
milker
Soil, impure water
Soil, manure,
impure water
Cow, humans,
environment

Many viruses are
pathogenic, e.g. foot and

No influence

mouth disease

* Thermoresistant (+) means that a suspension of the relevant bacteria in milk is not or not entirely killed by heating at 63 ºC during 30 min., which approximately corresponds to 72 ºC during
20 sec. Note that within a species, and sometimes within stem cells, differences in thermoresistance exist.
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Name

Source

Growth
possible in
raw milk

Thermoresistent *

Pathogenicity

Milking machine,
Lactococcus lactis

milk churns,

++

-

Non- pathogenic

++

+

Non- pathogenic

++

-

Non- pathogenic

environment
Streptococcus
thermophilus

Milking machine,
milk churns,
environment
Milking machine,

Lactobacillus species

milk churns,
environment

Spoilage

Sour milk and dairy
products

Sour milk and dairy
products

Sour milk and dairy
products

Psychrotrophen such
as Pseudomonas,

Milking machine,

pure Achromobacter,

cold stored milk,

Flavobacteria and

impure water,

Alcaligenes species (Gram-

environment

Protein and splitting in
++

-

Some possibly pathogenic

milk and dairy products:
“putrid” rancid,
physiochemical changes

negative rods)
Microbacterium lactium

Milking machine

+

+

Non- pathogenic

Micrococcus species

Milking machine

+

+

Non- pathogenic

Growth in pasteurised
milk and dairy products
Growth in pasteurised
milk and dairy products
Sweet coagulation

Bacillus cereus

Feed, manure, soil,
dust

++

+

Food poisoning

and “bitty cream” in
pasteurised milk and dairy
products
Spoilage sterilised

Bacillus subtilus and B.

Feed, manure, soil,

stearother- M vophilus

dust

milk and dairy
++

+

Probably non-pathogenic

products, “released”
in cheese (butyric acid
fermentation)

Clostridium tyrobutyricum

Yeasts

Fungi

Soil, roughage,
manure
Dust, milking
machine
Dust, dirty surfaces,
cattle feed

+

+

Non- pathogenic

+/-

-

Non- pathogenic

+/-

-

Some produce a toxin

Spoilage of cheese, butter,
sweetened condense
Spoilage of cheese, butter,
sweetened condense

* Thermoresistant (+) means that a suspension of the relevant bacteria in milk is not or not entirely killed by heating at 63 ºC during 30 min., which approximately corresponds to 72 ºC during
20 sec. Note that within a species, and sometimes within stem cells, differences in thermoresistance exist.
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Figure: A scoring system to assess the degree of callosity to the teat end

Score 1

No callus.

Score 2

Score 3

Score 4

Smooth, fairly thick

Moderately rough

Very rough callused rings

callused ring.

callused rings, with some

with a lot of cracking.

cracking at the edges.
The teat-end is smooth

A raised ring encircles the

A raised, roughened ring

A raised ring with rough

with a small, even orifice.

orifice. The surface of the

with isolated fronds or

fronds or mounds of old

ring is smooth or it may

mounds of old keratin

keratin extending 4 mm

feel slightly rough but no

extending 1 – 3 mm from

or more from the orifice.

fronds of old keratin are

the orifice.

The rim of the ring is

evident.

rough and cracked, often
giving the teat-end a
“flowered” appearance.

Source: ASG, Wageningen-UR
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Table: Teat irregularities and causes.

Problem

Possible cause

Red teats

Operating vacuum too high
Overmilking

Bleeding at the teat end

Vacuum under the teat end too high
(this is accompanied by painful blood engorgement which makes the cow restless)

Severe callosity or rough callused ring

Vacuum too high during rest cycle
Operating vacuum too high
b-cycle too long

Blue teats, oedema, swollen teats

Poorly adjusted vacuum
Overmilking
Operating vacuum too high
Milking time too long
Inflexible or too short liners

Rings at the base of the teat

Mouthpiece vacuum too high
Liners too wide
(sometimes this occurs with heifers with small teats, whereby the vacuum in the mouthpiece increases and the lining creeps up)

Flat teats

Vacuum too high during the rest cycle (certainly with liners that are too short or inflexible)
Worn or stiff liners

Wet teats

Removal of milk is too slow

Source: Veepro Holland, Hulsen en Lam, 2009
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1

1

1

1

2

2

2

2

3

3

3

3

4

4

4

4

UDDER HYGIENE
How clean are the udders and

HYGIENE
UPPER LEGS

HYGIENE LOWER
LEGS/CLAWS

teats when the cow enters the

How clean are the cubicles?

How clean are the walkways
and passages?

robot?

Factors that influence
hygiene:
•C
 leanliness of the cubicles
(upper legs hygiene)
• Quantity/type of littering
• Cleanliness of walkways and
alleys (claw hygiene)

Factors that influence
upper leg hygiene:

Factors that influence
claw hygiene:

• Cleaning of cubicles and

• Cleaning by means of

littering

manure scrapers

• Comfort of the cublices

• Cleaning of passage ways

• Manure consistency

• Cleaning of waiting areas

• Health of the herd

etc.

• Shaving/scorching of udders
• Comfort of the cublicles
• Manure consistency

Standard: <10%
score 3 and 4
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Source: Vetvice

Standard: <15%
score 3 and 4

Standard: <20%
score 3 and 4

Attachment 5:

Udder health approach

innovators in agriculture

TANK CELL COUNT
A sample from the tank is used to determine the tank cell

1. COWS WITH A CELL COUNT OF
>250,000 AS A PERCENTAGE

count. This should be lower than 150,000. A healthy cow has a

A cell count above 250,000 indicates something is wrong

cell count less than 100,000. This should also be the fi gure for

with the udder health of the cow in question. The aim is to

the tank cell count. As can be seen in the graph, the number

discover whether it is a cow-related or a farm-related cell count

of infected quarters increases proportionally with a higher

problem.

cell count. In economic terms, a low cell count is better for
the farm since fewer udder health problems can be expected.
A high cell count costs money (costs of treatment and lower

2. CELL COUNT ABOVE 250,000 OF
NEW COWS IN PERCENTAGES

production).
In order to be able to analyze the cows with a high cell count
it is important to know which cows on the list are new. New

Too high a tank cell count means that:
ff The quality of the milk is considered of being of less quality.
ff Milk production is falling because of infected quarters

cows are those that normally had a cell count below 250,000.
The percentage of new cows must be below 10%.
Place in a sequence the cell counts of the cows with a cell

(clinical and subclinical).
ff The cows’ fat percentage is falling.

count above 250,000 over a period of a minimum of 5 milk
controls in order to detect a pattern. Perhaps these are animals
that were all dried off simultaneously.

Figure: relationship between tank cell count and infected
quarters.
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3. REPEATED CASES OF CELL COUNTS
ABOVE 250,000 IN PERCENTAGES
Repeated cases are cows that had already reached a figure

5. REPEATED CASES OF CLINICAL
MASTITIS EXPRESSED AS
PERCENTAGES

above 250,000 cells, then showed a low value and are now

Repeated cases of clinical mastitis can indicate chronic

once again above the target value. Repeated cases can be

conditions in the cow. The type of infection determines the

caused by chronic infections, either properly treated but

monitoring and treatment of the mastitis. The treatment

not completely cured or possibly inappropriately treated or

applied often plays a major role in repeated cases. It is

ignored. Take samples from the quarters of cows with repeated

therefore important to adhere to the farm treatment plan as

high cell counts and send them for bacteriological analysis. In

drawn up. The farm treatment plan should mention the forms

conjunction with your veterinarian, draw up a treatment plan

of treatment that can best be used first on the basis of the

based on the test results. Lay particular emphasis on preventive

observed patterns of mastitis, cell count and bacteriological

measures (a clean, dry, fresh environment and robots).

tests.

Chronically infected cows can cause infections in the group.

4. CLINICAL UDDER INFECTIONS
EXPRESSED AS PERCENTAGES
A clinical udder infection can be observed visibly in a deviant

Inappropriate treatment can be caused by:
ff Use of the wrong antibiotics.
ff Inappropriate use of antibiotics.

‘UDDER HEALTH’ REPORT

udder or milk. Clinical udder infection is diagnosed in cows with

In the report ‘Milking – Udder health’ an overview of all cows

visibly deviant milk. In a single lactation a cow can show clinical

with attention to udder health is shown. This list combines milk

mastitis on several occasions. Such cases are repeats of clinical

sensor information (yield, conductivity, colour and optional

mastitis.

SCC) of cows which may have udder health problems. Also cows

Definitions:

whose milk is separated are listed. The list is default sorted on

ff A repeated case is a repeated case of mastitis in the same
quarter within 14 days.
ff A new case is a repeated case of mastitis in the same
quarter at an interval longer than 14 days.
ff A new case is also a case of mastitis in a different quarter
than the previous case, even if it occurs within 14 days.

the deviation in milk yield.

Colours used in the list to indicate alert levels:
ff Red: new attention (previous 5 milkings had no attention).
ff Purple: last milking failed and the previous milking had
attention.
ff Green: the milking on the list had attention but the
following milking had no attention.

The percentage of clinical mastitis must be lower than 15%.

ff White/grey: several attentions in the last couple of milkings.

Attentions are shown per quarter using the following criteria
and indicators:
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Tips: the following rules of
thumb can be used to read
the list

CDT = Conductivity attention appears if the
absolute and average conductivity of the
quarter is higher than the quarter with the
lowest conductivity (default 20%).
SCC = Somatic Cell Count shows the cell count in 5 different

• Conductivity higher than 100 (70 = normal) and
colour attention [S]: probably clinical mastitis,
• Conductivity between 90 - 100 and high cell
count: probably subclinical mastitis,
• E. coli is usually detected in the abnormal colour
area and conductivity at a normal level.

categories:
I: 0 – 200
II: 200 – 400
III: 400 – 800
IV: 800 – 2000
V: > 2000

Colour attentions:
Attentions measured by the colour sensor indicate two different

[M]		Manual Separation: milk separation is inprogress and

levels:

set manually in T4C.

ff Importance / milk separation status (shown as [X] character
between the brackets):

ff Measured colour by the sensor (shown as text behind the
brackets):

[ ] No letter between brackets: suspected milk, but milk
separation might not be necessary,
[S]	Separation Advice: serious attention indicating a
recommendation for milk separation,
[A	Automatic Separation: serious attention: the robot is set

ff Blood

red milk indicating blood in milk,

ff Mastitis

blue milk indicating mastitis,

ff Colostrum

yellow/blue milk indicating colostrum,

ff Abnormal	waterlike milk: not white milk and not one of
the above categories.

to separate the milk automatically,
ff
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% cows cell count >250,000

Less than 15%

More than 15%

Cow problem

Farm problem

Bacteriological
Culture (BC)

% Of new cows
with cell count
>250,000

• which bacteria?
• sensitivity for antibiotics
• cell count per quarter

Conductivity

Less than 10%

(repeatedly high?)

Treatment

• treatment during lactation
• treatment in dry period

Cull

if cow not cured (cell count and/
or conductivity still high)

Chronic infections

Many new infections

BC

BC

Treatment

Treatment

Cull

Cull

• treatment plan for chronic
animals

• which bacteria?
• sensitivity for antibiotics
• problem group

• treatment during lactation
• treatment in dry period

if cow not cured (cell count and/
or conductivity still high)
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More than 10%

• take preventive measures immediately

• which bacteria and pattern?
• cell count per quarter
• sensitivity for antibiotics

• treatment during lactation
• treatment in dry period

if cow not cured (cell count and/
or conductivity still high)
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