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AUTOMATION OF FEEDING AND MILKING - INTRODUCTORY COMMENTS 

H. Saloniemi 

College of Veterinary Medicine, Helsinki, Finland 

At the beginning of the seventies the first steps were 
taken in the field of automation of dairy cow feeding and 
milking. In 1970 a system was introduced in the Netherlands 
in which a transmitter was used to dose concentrate for cows 
in the milking stall (Rossing 1987). From the middle of the 
seventies the practical concentrate feeding systems have been 
in use on dairy farms. Investigations of the possibilities of 
automation in dairying have been developing very fast in the 
eighties. The key innovation in the automation of feeding and 
milking was the automatic cow identification. By the automa­
tic identification systems, processes can be controlled and 
the required animal data be collected individually. 

The amount and quality of concentrate should be controlled 
in order to avoid health disorders and f.ex. overfeeding 
resulting fat cow syndrome and low efficiency. It is shown 
that a daily variation of plus minus 15 percent, in concentra­
te feeding results 5 percent less milk on the same amount of 
feeds (Wiktorsson & Knutsson 1977). It is also shown that 
individual feeding resulted in higher milk production than 
group feeding of cows, either tied up or in a free stall 
system. The controlled feeding systems for cows have been 
developed for concentrate feeds fairly well. 

From the nutritional, cow health management and feed effi­
ciency point of view, more attention should be given to the 
automatically controlled roughage feeding. Reports have been 
published indicating that a system which allowes individual 
feeding of roughage in a free stall system gives considerable 
economical benefits in feed consumption, lower health risk of 
underfeeding of cows during the first part of lactation and 
lower risk of overfeeding in later stages and also less 
conflicts in cow behaviour (Wiktorsson 1987). 

The milk yield recording per cow provides the farmer a 
valuable data for cattle feeding and breeding management. The 
automation of this measurement saves much labor time. While 
doing this recording continuously on every milking, the 
information of an unexpected drop of daily milk yield acts as 
an effective indicator of health disturbances. Other parame­
ters which can be measured automatically and quickly are milk 
temperature and electrical conductivity of the milk. It has 
been found that milk temperature is a good measure of body 
temperature (Maatje & Rossing 1976), which is a useful indi­
cator of the health condition of the cow. The electrical 



conductivity of the milk of each quarter can be measured 
automatically during every milking. It has been found in many 
investigations that there is a good relationship between the 
milk conductivity and the number of cells in the milk. 

As sufficient sensors are now available to indicate sick 
animals, the attachment of the milking machine can also be 
automated. The feed dispensing station in the cowshed is 
developed for the place of automatic milking. It was found by 
Rossing (1987), that the cows came to the feed station 5.4 
times a day and were milked four times a day. It was also 
established that the production rose during automatic milking. 

The automatic monitoring methods of cow behaviour in cow­
shed have been investigated widely. An increased level of 
activity may indicate oestrus and a reduced activity tells 
about health disorders. The use of electronic transducers for 
activity monitoring has led to observation of very high 
proportion of heats (Thompson & Rodrian 1983). 

The automatic collection of data during milking and feeding 
serves a good tool for promoting the welfare of animals. The 
processing of collected data with the information produced by 
milk recording organisation and the disease recording system 
(which is widely used in Finland, Norway and Sweden) gives a 
good possibility to a very effective health management on 
farms (Saloniemi 1987). 

The new technology and the fast development of automation in 
dairying is not a threat to animal welfare and health, if we 
take it in use carefully and only after intensive investiga­
tions. All the scientists presenting papers in this symposium 
have worked for promoting our knowledge about the effects of 
new technology in dairy production. Automation of feeding and 
milking is a great challenge for today's milk production. 
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Automation in milk production 

Hans 0. Gravert 

Institute for Milk Production, Federal Dairy Research 
Center, Kiel, Federal Republik of Germany 

Summary 

This introduction paper outlines the targets of automation 
in milk production. These are (1) to improve the animals 
welfare (2) to improve the working conditions for the far­
mer or herdsman, (3) to improve the quality of milk and 
milk products, (4) to achieve a better protection of the 
environment and (5) to reduce the costs in milk produc­
tion. Some ideas are discussed especially the expected ad­
vantages of fully automated milk production which cor­
responds better to the natural behaviour of dairy cows 
than the present system. 

In talking about automation we might think of electronics, 
computers and robots. However, automation in agriculture 
started originally with early farm machinery and has al­
ways been a combination of new technical aids, of new pro­
duction systems and even of new plant varieties or geneti­
cally improved animals. In milk production the invention 
of the milking machine about 50 years ago undoubtedly has 
been the most revolutionary change. It took a long time, 
however, from the first model on the market to the sophi­
sticated equipment of to-day. A farmer's decision to buy 
machinery is based on the benefits he can expect from re­
lief from strenuous labour, from higher gross income from 
more and better efficiency in production. However automa­
tion in milk production should mainly aim at somewhat dif­
ferent targets: 

Firstly, as members of a humane society we should give a 
high priority to all aspects of animal welfare, especially 
in farm animals. Since the normal working hours of men do 
not coincide with the circadian pattern of a cow's beha­
viour selection has always been directed towards a dome­
sticated dairy cow which primarily fits the demands of the 
dairy farmer. With automation the close links between 
dairyman and cow might become more flexible giving not on­
ly the dairyman more flexibility in his daily duties but 
also an opportunity for the cow to return to her more "na­
tural" behaviour. What do we mean by "natural" with 
respect to a dairy cow? 

We dont know very much about the requirements for the 
welfare of a dairy cow. A beef cow nursing her calf pro­
duces a daily milk yield of about 6 kg, a low producing 



dairy cow will start with about 15 - 20 kg daily and a 
high-yielding cow will achieve about 40 kg. If we compare 
the lactation curves we observe the biggest differences in 
the early stage of lactation. In the second month p. p. 
the superiority of a high yielding cow versus a low pro­
duction is about 23 kg, in the eighth month p.p. 15 kg on­
ly. Selection for higher milk yield apparently increases 
the initial daily yield more than the average yield. It is 
hard to believe that twice-a-day milking with up to 20 kg 
milk stored in the udder before milking really can help 
a cow's welfare. 

In beef herds the frequency of suckling is about 4 to 
6 times per 24 hours, in early lactation even more 
(table 1). Total nursing time is about three quarters to 
one hour, compared to a dairy cow with two milkings with 
scarcely 20 minutes in total. As shown by Day et al. 
(1987) the number of nursing bouts increases with lower 
milk production level. So with respect to dairy cows one 
might argue that 4 - 5 milkings with 10 minutes each per 
24 hours would fit the "natural" pattern best. 

This target can be realized with automated milking robots 
only. Ir. Ipema from the IMAG Institute at Wageningen will 
report on the current state of development which is promi­
sing though there will be a long period of trial and error 
until a generally acceptable stage will be achieved. Simu­
lation studies with voluntary milking systems confirm the 
observations with nursing cows that the cows prefer mil­
king intervals of 4 -6 hours with 4 -6 milking times per 
24 hours (table 2). The motivation to enter the milking 
box, however, seems to be based more on the desire for 
concentrates rather than on the impetus to be milked. The­
refore voluntary milking systems must be combined with au­
tomated feed dispensers. 

It is a well known fact that one can expect more milk per 
cow after more frequent milking. The increase in the simu­
lation trials have been 2,7 kg FCM (= 13 %) in our herd 
and in the Dutch experiments 2,2 kg FCM (=8 %) and 2,9 kg 
FCM (= 11 %) resp. This corresponds fairly well with 
trials with 4 times milking versus twice-a-day. E. g. 
Meinhold and Rosegger found an increase between 13 % and 
22 % in cows with an initial yield of 5000 kg FCM and 
6300 kg FCM resp. 

With regard to feeding frequency we can also be fairly 
sure that twice-a-day will not correspond to the "natural" 
behaviour of a cow. We know from behavioural studies in 
free-stalls that dairy cows visit the concentrate dispen­
sers up to 15 times, the roughage silos up to 10 times, 
the water trough about 5 and the cubicles about 9 times 
per 24 hours (table 3). In total they spend about 16 hours 
for feeding, drinking and resting. The actual sleep of 
dairy cows is rather short, about 30 - 60 minutes are deep 
sleep and another 3 hours slow wave sleep. 



Theoretically frequent feeding will increase the feed in­
take (table 4). Kaufmann (1976) found an additional 
roughage intake of up to 0.4 kg DM if he fed seven versus 
twice-a-day. There was also a positive effect of feeding 
frequency on the fat content in milk presumably as a re­
sult of a more constant pH-value in the rumen and a higher 
synthesis of acetic acid (table 5). With 14 feedings per 
24 hours the fat content was 4.04 %, with twice-a-day fee­
ding 3.69 % only. So frequent feeding should result in 
less stress for the dairy cow. However, we dont know the 
real optimum from the viewpoint of the cows welfare. 

When we talk about the animal's welfare a good bedding, 
hygienic conditions and sufficient space might also be im­
portant. Cows are social animals and form a dominance or­
der within a herd. To avoid stress and damage they have to 
keep a minimum social distance between each other (Wieren-
ga, 1983). In free-stalls this can be achieved by an ave­
rage area of about 4 m per cow. With a voluntary milking 
and feeding system the number of cubicles can be less than 
the number of cows. 

Secondly, automation in milk production should improve the 
working conditions for the farmer or herdsman. Milking/is 
not only a hard physical work load but also a stringent 
limitation of the farmer's time. In modern milking par­
lours the number of cows per hour and man varies between 
50 and 100 (table 6). Most time is spent on udder prepara­
tion, attaching the units and teat dip. For high-yielding 
cows there might be also a waiting time, expecially in 
herringbone parlours. Any automation will not neglect the 
farmers skill but decrease the burder of physical work 
and change over to more mental and control work, however 
with more free choice of the time during the day. 

A third target of automation is the quality of product. In 
milk production healthy cows with unaffected udders are 
primary conditions for mastitis prevention combined with a 
high hygienic standard for udder preparation, milking, 
cooling and storage of milk. In robot milking one can ex­
pect one milking unit per about 25 cows, two units for 
50 cows etc. This means that the milking machine is used 
permanently, with the exception of cleaning period. There­
fore rinsing and disinfection between cows has to be an 
integrated part of the system. The milk will be gathered 
in small quantities which requires a small but effective 
cooling system. Milk delivery from the bulk tank will be 
independent from any fixed time during day or night. In 
trials with voluntary milking the cell count in milk was 
not affected though there is no experience so far with 
real robot milking. Theoretically a better udder health 
could be expected from more frequent milking, however, 
the present milking machines have been adjusted to a 
twice-a-day or three times-a-day milking. They might need 
some modification to voluntary milking systems, e. g. a 
lower vacuum, to avoid teat damage or irritation. 



Other aspects of product quality concern taste and flavour 
of raw milk, the risk of spores in milk harmful to cheese 
making, the composition of fatty acids to achieve an opti­
mum spreadability of butter, and the structure of casein 
micelles to avoid clotting in cream. Much research efforts 
should follow each development in automation to ensure a 
high quality standard of milk products. 

A fourth target of automation in milk production should be 
a better protection of the environment. Free-stalls with 
concrete or slatted floors and increased herd size have 
created problems with liquid manure. In my opinion this 
development seems to become a deadlock. The liquid manure 
has disadvantages for the cows (feet and leg troubles), 
for the soil (destroying structure), for the underground 
water (content of nitrate) and for people (terrible 
odour). The only advantages are low labour costs. A dairy 
cow produces more than double as much wet waste as a beef 
cow and the biochemical oxygen demand is about twice as 
much (table 7). This makes it extremely difficult to treat 
the waste adequately and at reasonable costs to avoid the 
problems mentioned above. 

In waste management there is a numerous variety of techni­
cal solutions from simple spreading the fresh manure to 
energy recovery systems. Whichever solution is preferred 
priority should be given to the cow's welfare and to the 
protection of the environment and ground water. From this 
point of view perhaps the straw bedding used by our grand­
parents was not the worst alternative. 

Finally, but extremely important, one target of automation 
is the reduction of costs in milk production. With the 
present methods of milk production we force the cows to a 
fixed routine and we utilize most of the barn equipment 
only temporarily. E. g. in a free-stall all cows are 
gathered in a waiting area twice-a-day for about one hour. 
After milking they prefer to eat roughage, then concen­
trates, then they drink and afterwards they want to lay 
down for about two hours. The milking machine is used for 
just 3 - 4 hours per day and 20 hours it is idle. 

With automation all the equipment should be used perma­
nently, especially feed dispensers, milking machine, cu­
bicles and rinsing or flushing devices. This would keep 
the costs of automation at a reasonable level. We know, 
however, that this target cannot easily be achieved. As an 
example table 8 gives the results from 568 free-stalls in 
Schleswig-Holstein, about half of them without and with 
automatic feed dispensers. In the latter group number of 
cows per herd and milk yield were higher, however with a 
higher concentrate input. So in total the feed costs per 
kg milk were slightly higher in herds with automatic feed 
dispensers. 



Automation in milk production will inevitably be connected 
to a higher mental skill of the farmer. Increasing invest­
ments require increasing management. Any automation must 
be accompanied by an excellent supervision, maintenance 
service and regular check-up. Micro-electronics have been 
applied for a better and more efficient monitoring of herd 
data, replacing and improving old-fashioned paper work. Of 
course, using a computer-based herd management system re­
quires adequate training and exercise and is therefore 
mostly linked to the succession of a young generation. 
Some components of automation are already available, 
others have still to be developed. Therefore we are grate­
ful to the following speakers of this session who will 
talk about the present state of knowledge. 

Table l. Suckling behaviour in beef cows (Day et al., 
1987). 

Day of 
lactation 

52 
104 
167 

Frequency of 
nursing 

8,6 
5,9 
4,5 

Total min 
nursed 

64 
49 
44 

Table 2. Voluntary milking systems. 

Author 

Ordolff 1982 

Rossing et al. 
1985 

Rossing 1987 

Number 
of cows 

Exp. 22 
Contr. 29 

Exp. 14 
Contr. 14 

Exp. 19 
Contr. 19 

Frequency of 
milkings 

4,6 
2 

5,4 
2 

3,8 
2 

kg FCM/day 

24,0 
21,3 

28,3 
26,^ 

30,S 
27,6 



Table 3. Behaviour of cows in free-stall (Baehr, 1983) 

Area 

Feed dispenser 
Self-feed silage 
Drinking 
Cubicles 

Number of 
visits 

15,1 
10,2 
5,3 
8,7 

Time 
present (min) 

36,5 
138 
17,9 

745 

Time 
active (min) 

16,0 
(138) 

3,4 
563 

Table 4. Feeding frequency and roughage intake (kg/cow) 
(Kaufmann, 1976). 

production level 
FCM 

20 - 25 kg 
25 - 30 kg 
30 - 35 kg 

Int. 
concentrates 
2 x 7 x 

9,5 9,5 
11,3 11,3 
12,3 12,3 

ake of 
roughage 
2 x 7 x 

5,4 5,6 
5.7 5,8 
5.8 6,2 

Table 5. Effect of feeding frequency (Kaufmann, 1973) 

Daily milk yield 
Fat-% 
Rumen pH (x) 

pH (s) 
acetic acid 
propionic acid 

2 x 

23,6 
3,69 
6,28 
0,23 

55,1 
21,2 

14 X 

23,4 
4,04 
6,31 
0,20 

60,4 
20,1 

difference 

- 0,2NS 

+ 0,35XX 

+ 0,03^S 

- °'°XX + 5,3XX 

,- ill" 



Table 6. Productivity of cow and labor requirement 
(Armstrong and Quick, 1986). 

s/cow 

Cows in and feed 
Udder preparation 
Attach unit 
Teat dip 
Cows out 
Waiting 
Adjust and reattach 
Floor wash 
Out of parlor 

Total 

Cows per man hour 

Milk/cow 
15,9 kg 27,7 kg 

5,4 
10,1 

8,9 
7,9 
4,0 
0,9 
3,1 
1,0 
1,4 

42,7 

84 

5,5 
12,1 

8,9 
8,1 
3,9 
9,2 
3,7 
1,1 
1,6 

54,1 

67 

Table 7. Feedlot wastes per cow and day (Taiganides, 
1987). 

Total wet waste (kg) 
Moisture content (%) 
Biochemical oxygen 

demand (kg) 
Nitrogen (g) 
Phosphorus (g) 
Potassium (g) 

Beef 

25 
83 

o 
275 

55 
125 

cow 

65 

Dairy 

65 
91 

l 

250 
40 

160 

cow 

26 

Table 8. 
1988). 

Free-stalls in Schleswig-Holstein (Thomsen, 

Number of farms 
Cows/Farm 

Milk, kg/cow 
Fat-% 
Protein-% 
Concentrate, t/cow 
Feed cost/kg milk 

without with 
concentrate dispensers 

294 
59,3 

5634 
4,14 
3,32 
1,67 

23,2 

274 
67,9 

5909 
4,16 
3,32 
1,84 

23,4 
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THE EFFECTS OF AUTOMATED MILKING AND FEEDING ON THE PRODUCTION AND 
BEHAVIOUR OF DAIRY COWS 

Ipema, A.H.1, H.K. Wierenga2 , J. Metz1, A.C. Smits1, W. Rossing1 

1 Institute of Agricultural Engineering (IMAG), Wageningen, Netherlands 
2 Research Institute for Animal Production (IVO), Zeist, Netherlands 

Summary 

In the near future more and more processes on dairy farms will be 
automated. Milking will be fully automated, enabling cows to be milked 
several times daily. Cows are already accustomed to calling at the 
feeding station several times daily for their ration of concentrates. 
Therefore the feasibility of milking cows at the feeding station was 
studied. In two experiment cows milked more than twice daily at a 
concentrate feeding station were compared with cows milked twice daily in 
the parlour. An average milking frequency of about 4.0 times per 24 h was 
observed for voluntary milking. As a result of this raised frequency the 
increase in milk yield was about 5 kg per cow per day (20%) in the first 
and 3.4 kg per cow per day (14%) in the second experiment. The milkfat 
and protein contents were lower in the first few months of lactation. 

Advances in technology and in breeding may bring about substantial 
increases in milk yields. This makes it desirable to optimize feeding 
too. Therefore, an experimental automatic forage feeding system 
consisting of 15 feeding stations that can be entered by free-housed cows 
during 24 hours a day has been developed. The amounts of forage dispensed 
and the leftovers removed by this system are recorded per individual 
animal. Research has shown that cows fed with the automatic system can 
achieve similar forage intake and milk yield to cows fed ad libitum in a 
feeding passage. 

The behaviour of cows milked more frequently per day and that of cows 
fed by the automatic feeding system was also studied. There were no 
significant differences between the lying times of cows fed with the 
automatic feeding system and cows fed at a traditional feeding gate. In 
these cases the average lying times per group were between 685 and 700 
min. per cow per day. In one experiment with more frequent daily milking 
lying times were longer compared with milking twice daily in a milking 
parlour. Especially for the high-yielding cows this effect was striking. 
Keywords: dairy cows, automation, milking, feeding, behaviour 

Introduction 

Increasing productivity has long been the goal of farm development in 
the Netherlands. Yields of grass and feed crops, and of milk have 
increased dramatically during recent decades and dairy farming has been 
scaled up, mainly as a result of advances in mechanization and housing. 

There are currently about 55,000 dairy farms with a total of 2,29 
million dairy cows in the Netherlands. So, on average, there are about 40 
dairy cows per farm. More than 90% of the farms with more than forty 
milking cows have cubicle houses. Advances in mechanization and housing 
have contributed to a substantial rise in labour productivity. In 1950 
about 330 hours of labour were needed for one cow in a year; in 1980 this 
figure had fallen to only 40 hours per cow per year (Postma, 1981). 
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The introduction of quotas in 1984 changed the picture: futher 
development now requires improvements in farm management and operations. 
One of the options is higher milk yields per animal, with optimum 
nutrition. New techniques are required for this and therefore 
possibilities and effects of automated milking and feeding are receiving 
particular attention. 

Results of two experiments simulating automatic milking will be 
discussed. In the second part the development of an experimental feeding 
system will be described. At the end behaviour aspects of automated 
feeding and milking will be dealt with. 

Automation of milking 

For milking in the milking parlour the individual animals can be 
identified electronically. The milk yield can be established with 
electronic milk meters and used to determine a cow's need for 
concentrates. These data, which also draw the dairy farmer's attention to 
deviations from the normal production level, have to be processed by 
computer (Burema & Kerkhof, 1979, Burema & Kerkhof, 1983). 

Another major part of dairy cattle management is concerned with the 
detection of oestrus and diseases. Sick cows and cows in oestrus can be 
detected by determining deviations from the normal situation- as with the 
milk yields. For this detection use is made of signs that can be measured 
quickly and automatically. The most suitable indicators are temperature 
and activity (Maatje & Rossing, 1976, Mäatje & Rossing, 1986, Maatje & 
al., 1987). For detecting udder diseases the electric conductivity of the 
milk can be measured (Maatje et al., 1983, Rossing et al., 1987). 

As the detection of cows in oestrus, of diseases, and of deviant milk 
quality can now be automated in principle, this allows the milking 
process to be performed without supervision. The next step in automation 
will then be the automatic application of the cluster to the udder. A 
milking robot is being developed in collaboration with a manufacturer. 
The first prototype was ready at the end of 1987 (figure 1). 

Fig.1. Prototype of milking robot. 
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A working milking robot would make it easy to milk cows more frequently 
per day. Many farms already use automatic cow identification systems 
combined with feeding stations that dispense the concentrates. Milking 
could also be done at these feeding stations. Cows visit the station 
several times a day and could be milked at the same time, thus obviating 
the need for a milking parlour. 

Two experiments were carried out to simulate automatic continuous 
milking. In these experiments, an adapted feeding/milking station was 
used. Next to the feeding station there was a complete milking plant with 
a washer unit. The milk from this plant was stored in a separate tank 
outside the building. For applying the cluster the feeding station was 
manned for 24 hours a day. When a cow entered, the cluster was applied 
provided she had not been milked during the last three hours and the 
expected yield was at least 3.5 kg. The milking was interrupted twice 
daily (6.00-7.30 h and 15.30-17.00 h) so that the entire plant could be 
washed out. 

Continuous milking: Experiment 1. 

This experiment was carried out over a period of 11 weeks, from 1 
February 1984 to 17 April 1984, to ascertain how often cows come to be 
milked and how the system affects milk production (Rossing et al., 1985). 
A test group of 20 animals with an even distribution of age and lactation 
stage was selected from a dairy herd. They were given roughage ad^ib. 
but the amount of concentrates required per cow was determined on the 
basis of an estimated roughage intake, actual milk production, body 
weight and age. 

After the start of the experiment most animals came voluntarily to the 
station. Some animals sometimes did not appear within 12 hours of the 
previous milking and were then brought to the station. In the first week 
a cow had to be brought to 'the station in less than 5% of the milkings. 
Later, this figure fell to less than 1%. It was a problem mainly in cows 
that were drying off, and also in some cows with foot problems. 

On average, a cow visited the station 5.4 times daily. Each animal was 
milked 4.0 times a day on average, with a variation of 3.0 to 5.4. The 
highest milking frequency registered per day for any cow was 7. 

Figure 2 gives the average standard cow production (Ann., 1983) in kg 
per day during a preliminary period of 4 weeks, the test period of 11 
weeks and a post test period of 4 weeks. The curve for another group on 
the farm, milked twice a day in the milking parlour, is also given for 
comparison. Roughage rations were identical for both groups. 

In the first 5 weeks of the trial, the standard cow production 
increased from about 35.5 kg in the preliminary period, up to about 47 kg 
in the fifth test week. The transition back to milking twice daily was 
accompanied by a marked decrease in production. 
The other group of cows showed a gradual increase in the standard cow 
production during the test period. However, the level of this group 
remained clearly below that of the test group. After the trial was 
finished, both groups reached approximately the same level. 
During the trial the standard cow production of the test group was on 
average 8 kg higher than that of the other group. With an average of 156 
days in lactation and an average age of 4 years and 6 months, milk 
production was about 5 kg per day higher than was predicted on the basis 
of the production level of the other group. 
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Fig. 2. Standard cow production of a more frequent milked group 
(testgroup (group 1)) and a group milked twice a day (group 2 ) . 

During the test period fat and protein levels for each milking were 
sampled over set periods of 28 hours (6x) or 72 hours (4x). Milk yields 
were recorded for each milking. The large deviation in fat percentages 
within cows was striking. The difference between milkings was 1.5 to 2%. 
There was considerably less variation in protein content. 

The cows were milked several times a day and at different times during 
the day in the test period. The milking system used allowed the interval 
between consecutive milkings to be varied for a particular cow. The 
length of this interval naturally influences the yield at a given moment. 
In order to investigate these effects, each yield (milk, fat (grams and 
percentages) and protein (grams and percentages)) was compared with an 
predicted yield. A predicted yield was based on the average production in 
the appropriate week and the interval since the previous milking. 
Table 1 shows the milk, fat and protein production measured as a 
percentage of the predicted production at several predicted milk yield 
levels. 

The influence of milk yield level on the di/ference between measured 
and predicted milk production was not very great. 
Milk yield level did, however, have a clear influence on fat percentage. 
With smaller milk yields the fat percentage measured was clearly higher 
and with larger milk yields clearly lower than predicted. Consequently, 
the relative maximum production of grams of fat was obtained with lower 
milk yields. The level of the milk yield affected protein percentage only 
slightly. The relative production of grams of protein was, therefore, 
mainly determined by the relative milk production. 
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Table 1. Relationship between predicted and measured yield (milk, fat and 
protein). 

Predicted 
milk yield 

(kg) 

8 - 1 0 
10 - 12 
12 - 14 
14 - 16 

> 16 

No. of milkings Production measured as % of prediction 

117 
430 
325 
174 
86 
50 
25 
15 

milk 

99 
98 

101 
102 
102 
100 
99 
96 

fat 

grams 

105 
102 
104 
101 
96 
94 
91 
85 

% 

106 
104 
103 
99 
94 
95 
92 
88 

protein 

grams % 

98 100 
98 100 

101 100 
103 101 
100 98 
101 101 
99 100 
96 100 

Continuous milking: Experiment 2. / 

In this experiment a test group and a reference group were used (Ipema 
et al., 1987). The reference group was milked twice daily (16.00 h. and 
6.00 h.) in the milking parlour according the normal schedule, with the 
forage being supplied at a feeding fence. 
Most of the concentrates were given at a feeding station, and only a 
small part in the parlour. The test group was fed forage using an 
automatic feeder system (described later). The forage given to both 
groups consisted of wilted silage and maize silage. The test group was 
milked at a modified concentrate feeding station. 
Each group contained a maximum of 18 animals at a time. An attempt was 
made to achieve comparable groups, by matching animals of similar ages 
and calving dates. The test period lasted 36 weeks and ran from 20 
September 1985 to 29 May 1986. Untill the end of January 1986 there 
were changes in the groups; these mainly consisted of replacing animals 
to be dried off by newly calved ones. Throughout the experiment there 
were, on average, seven heifers in each group. 

Animals from the reference group were milked in the parlour twice 
daily, whereas those of the test group were milked more often. The 
average milking frequency of 19 animals that were in the test group for 
more than 100, days was 3.90 times a day, with individual variations of 
between three and five times daily. 

The distribution of the number of milkings over the 24-hour period is 
shown in Figure 3. 
On average, the number of milkings was highest in the hours after the 
milking pauses when the plant was being washed out; later there were 
slight declines. The number was lowest in the period between midnight and 
6.00 h. 



all milkings 

average of all cows 

F i g . 3 

18 20 22 24 
period of the day(hour) 

D i s t r i b u t i o n of t h e number of m i l k i n g s ove r t h e 24 -hou r p e r i o d . 

Milk data were recorded every week during one day. Table 2 gives the 
average group results. These averages only refer to the pairs of animals 
that stayed in the test and reference groups for at least 100 days. 

Table 1. Average production data of test group and reference group. 

Reference group Test group Difference 

Number of animals 19 
Days in lactation 118 
Age at calving (years and moths) 3.05 

Milking frequency (daily) 2.0 

Milk production (kg/day) 25.1 
Milkfat content (%) 4.66 
Protein content (%) 3.43 

Milkfat production (g/day) 1164 
Protein production (g/day) 859 
Fat and protein production (g/day) 2023 

19 
124 

3.08 

3.9 

28.5 
4.51 
3.38 

1276 
956 

2232 

+ 3.4 
- 0.15 

0.05 

+ 112 
+ 97 
+ 209 

Differences are significant (P<0.05) 

The daily individual milk yield of the reference group was 3.4 kg 
higher than that of the test group. This implies an increase of 14%. The 
contents of protein and, in particular, of milkfat, seemed to be 
slightly lower in the test group. Consequently, the increases of 112 g 
milkfat and 97 g protein (totalling 209 g) were 10% and 11% compared with 
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the reference group. Both the increase in milk yield and that in milkfat 
and protein production are statistically significant. Note that the daily 
individual production of the reference group (2023 g of milkfat and 
protein combined) was considerable. 

Almost throughout the lactation the milk yield of the test group was 
10% higher than that of the reference group. The percentages of milkfat 
and protein, however, were evidently lower in the test group in the first 
half of the lactation period. In the second part of the lactation the 
percentages for both groups were similar. As a result, the increases in 
milkfat and protein production were greater in the course of the 
lactation. 

Automation of forage feeding 

The introduction of the milking robot may entail substantial increases 
in milk yields. Biological developments are also likely to facilitate a 
rise in milk yields. Performances of 8000 to 10000 kg or more per 
lactation will be the rule rather than the exception. This implies that 
more attention has to be paid to the diet. High individual performances 
can only be realized if the animal can take up sufficient feed of high 
quality. The importance of a proper forage quality and intake is shown in 
Table 3. 

Table 3. Effects of nutrient content and forage intake on a dairy cow's 
need for concentrates (body weight 600 kg; daily yield 25 kg FCM). 

Forage Concentrates required 

Intake 
kg dry matter 

9 
10 
11 

VEM * 
per kg dry matter 

750 
825 
900 

kg/day 

10.3 
8.7 
7.0 

100 
84 
68 

VEM = Dutch Feed Units 

An increased intake and better quality of the forage could result in 
considerable economies in the amount of concentrates needed. 
Technical options that influence intake could be sought in the 
preparation of the feed at the moment of distribution. More frequent 
feeding and the preparation of a mix of different feed types tend to 
boost the total intake. 

Traditionally, individual rations of concentrate are calculated on the 
basis of the animal's milk yield, fat content, body weight, age and 
estimated forage intake. More information on the individual forage intake 
is necessary so that the concentrate rations can be determined 
accurately. Moreover, more research is needed to develop optimal feeding 
systems for the high-yielding herds. Such systems should meet the 
requirements for feeding dairy herds with daily yields ranging from 15 to 
50 kg per cow. 

To study the technical possibilities for this, a system that can supply 
forage to individual animals fully automatically and that also allows the 
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forage intake of individual animals to be recorded has been designed at 
IMAG (Ipema & Rossing, 1987). 

dumpbox 

feed 2 I 
.dispensing unit 

weighing 
/belts 

dumpbox 

feed 1 1 t 
-D-

gates feeding stations 

rail-mounted, 
feed-dispensing bin 

L collection and 
weighing of 
leftovers 

.conveyor belt for 
removing leftovers 

. receiver for cow 
indentification 

.manger 

AUTOMATIC FEEDING SYSTEM 

Figure 4. The automatic feeding system. 

The system (figure 4) can dose two different types of feeds or mixtures 
of different feeds. A cubicle house contains 15 feeding stations. When a 
cow enters one of these feeding stations she is identified electronically 
from the tag around her neck. Her number is scrutinized by a computer, 
and if the computer's data show that she needs food, the rear gate is 
closed. The computer decides which food has to be dosed to that animal. 
When a mixture of both feeds has to be dosed, first the weighing belts 
are tared. Both dispensing units start up, stopping when the calculated 
amount of food is approximately reached. As the system cannot dose within 
an accuracy of 200 grams, the amount of food on the weighing belts is 
weighed and the computer records that the cow has been given this amount. 
The belts then start up and the food from both belts is collected in a 
rail-mounted feed-dispensing bin. This bin is transported to the feeding 
station where the cow is, and the amount of food in the bin is dropped 
into the manger. After a certain time (normally 15 min.) the rear gate is 
opened and a valve in the manger is opened by a pneumatic ram. Any 
leftovers fall onto a belt, which starts up when the valve is opened. The 
food on the belt is transported to a box where it is automatically 
weighed. This amount of leftovers is recorded by the computer. The 
control system allows for the valve of only one manger to be open at any 
time. If the cow remains in the feeding station she is allowed another 
portion of food. 

The food in the storage bins can be a mixed food that has been mixed 
previously, a normal loose material, or forage in blocks. 

The whole proces is controlled by a computer in combination with a PLC 
(Programmable Logic Contrôler). 

The automatic feeding system has already been used for some 
experiments. First the effect of adjusting the portion size will be 
described. In another experiment the system of feeding has been compared 
with feeding at a feeding fence. 
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Automated forage feeding: Experiment 1. 

The feed is supplied in portions. The standard portion size is about 
2.5 kg. A fixed time of 15 minutes is available for consuming a portion. 
Trials in 1985/86 showed that when standard portions are given to a group 
of cows the portion is almost always too big and therefore there are 
large amounts of leftovers. However, some cows find the portion too 
small. They can easily consume the portions within the fixed eating time 
of 15 minutes. Because of this variation in the intake rate between cows 
and between feeds (palatability) it is necessary to adjust the portion 
size in a short run. The portion size should be adjusted to the 
individual intake rate in such a way that the amount of leftovers does 
not exceed 10% of the portion and yet the time spent feeding does not 
become unnecessarily long. Therefore, the chosen system continuously 
modifies the portion size per cow, within certain limits, depending on 
the amount left over from the last delivered portion. 

In an experiment two groups of 10 high-yielding cows were compared. One 
group (S) received the forage and concentrates seperately. The 
concentrates were fed in a concentrate feeder and the forage (dry matter 
content 37.3 %) was given in the feeding stations of the automatic 
feeding system. For the other group the concentrates and forage were 
mixed (group M ) . This mixture (dry matter content 49.2 %) was also fed 
via the automatic feeding system. These cows received only a small amount 
of concentrates in the concentrate feeder. Table 4 shows the effect of 
the different feed compositions on the average portion size per cow. The 
data were gathered over an experimental period of 8 weeks. 

Table 4. Effect of the feed composition on the portion size (intake 
rate) per cow. 

Group ' Portion size (kg) 

S 
M 

delivers 
av. 

2.22 
2.15 

d (fresh) 
s. 

0.23 
0.09 

intake 
av. 

2.01 
1.93 

(fresh) 
s. 

0.29 
0.10 

intake 
av. 

0.75 
0.95 

(DM) 
s. 

0.11 
0.05 

leftovers 
av. s. 

10.0 3.5 
10.4 1.4 

This table shows that the average portion size (fresh material) does 
not depend entirely on the composition of the food. The average amount of 
fresh food delivered per portion was 2.22 kg and 2.15 kg for the two 
groups respectively. The percentage of leftovers was also similar for 
both groups. However, the standard deviation was smaller for the group 
with the mixed food (M), indicating that the system had caused a 
variation in the portion sizes between cows in one group and that this 
was dependent on the composition of the food (palatability). 
The average amount of fresh material eaten per portion is also on the 
same level for both groups. Because of the higher dry matter content of 
the mixed food, the average amount of dry matter per portion was 0.20 
grams higher. This means that the intake rate on a dry matter basis is 
20-25 % higher for mixed food. 
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Automated forage feeding: Experiment 2. 

An experiment was done to compare the automatic feeding system with 
traditional feeding in the feeding passage. If the automatic system is to 
be used in future in research on optimizing the feed intake it is 
important to know whether it produces results similar to those achieved 
with traditional feeding. 

In the experiment two groups (Gl and G2) of 20 cows were studied. The 
animals were paired between the groups. An attempt was made to pair 
animals of similar age, calving date and production level. The experiment 
lasted 9 weeks. In the first 3 weeks group Gl was fed in the feeding 
passage and group G2 at the automatic installation. After three weeks 
the groups were changed over and after three weeks they were changed back 
again. For feeding in the feeding passage there were 20 places available 
at the feeding gate. In the automatic feeding system only 8 places were 
accessible for the 20 animals of the groups. Both groups were fed ad 
libitum. The forage consisted of a mixture of grass silage, maize silage 
and artificially dried alfalfa. The mixtures were prepared three times a 
week for both groups. Concentrates were fed individually in separate 
feeding stations. The amount of concentrates per cow depended mainly on 
the milk yield. 

The results of this experiment are shown in table 5. 

Table 5. 
system. 

Comparison between automatic feeding system and traditional 

Feeding system 

automatic traditional difference 

Feed intake (/cow/day) 
- forage (kg dry matter) 14.3 
- concentrates (kg dry matter) 6.9 
- total (kg dry matter) 21.2 

14.0 
6.7 

20.7 

0.3 
0.2 
0.5 

Yield 
- milk (kg/cow/day) 28.2 27.8 
- fat and protein (%) 8.07 8.08 
- fat and protein (g/cow/day) 2251 2216 

+ 0.4 
- 0.01 
+35 

The daily forage intake per cow with the automatic system was 0.3 kg dry 
matter higher than in the feeding passage. The concentrate intake was 
also higher. This higher feed intakes caused a higher yield of 0.4 kg 
milk and 35 grams fat and protein. These higher yields were, however, 
barely significant (P<0.10). 

Behavioural aspects 

The aforementionned developments in automation took place in the period 
1984-1987. During the experiments many animal behaviour studies were 
carried out (Metz et al., 1987), largely to ascertain how animals would 
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adapt to the automatic systems for feeding and milking. In the next there 
will be a short description of the systems studied. Some general results 
will be discussed. 

Feeding ad libitum at the feeding fence with a number of feeding places 
equal to the number of cows and milking twice daily in the milking 
parlour was designated the standard system. Behaviour in this system was 
studied in 1986 (18 cows) and in 1987 (2x20 cows). The next system was 
feeding with the automatic system and milking twice daily in the parlour. 
This system was studied in 1986 (18 and 2x18 cows) and in 1987 (2x20 
cows). The number of cows per forage feeding station varied between 2.5 
and 2.6. In 1984 the system with feeding at the fence and milking in the 
concentrate feeder (simulating automatic milking) was studied (20 cows). 
The last system is the one in which the cows were fed in the automatic 
system and milked in the concentrate feeder (1986; 18 cows). The number 
of cows per forage feeding station was in this case 2.6. 

Behaviour was observed over at least three periods of 24 hours for each 
system. The following activities were recorded for each cow: lying; 
standing (in cubicle, walking area or milking parlour); staying at the 
feeding places (concentrates or forage). The frequency of recording was 
once per 10 (or in one case, 15) minutes. 

Table 6 gives an overview of the lying and forage eating behaviour at 
these systems. For each system the cows observed are divided in two 
groups. The groups "low" give the results of the cows with a milk yield 
less than 25 kg per day (during the observation periods) and the groups 
"high" do the same for the cows produced more than 25 kg milk per day. 

Table 6. Lying and forage eating behaviour data for cows in different 
feeding/ milking systems. 

System of 
feeding/ 

milking 

Fence/ 
parlour 

Aut.sys./ 
parlour 

Fence/ 
feed.stat. 

Aut.sys./ 
feed.stat. 

Cows 

all 
low 
high 

all 
low 
high 

all 
low 
high 

all 
low 
high 

No. of 
cows 

58 
28 
30 

94 
44 
50 

19 * 
10 
9 

17 * 
8 
9 

Lying 

Min./day 

av. 

686.3 
726.4 
648.8 

698.3 
741.6 
660.2 

732.4 
720.6 
745.6 

694.5 
752.9 
642.6 

s 

117.6 
111.9 
111.9 

115.2 
93.0 

120.2 

96.2 
99.8 
96.1 

163.1 
114.9 
187.6 

Perioi 

av. 

8.3 
8.7 
8.0 

7.2 
7.3 
7.2 

8.5 
8.1 
9.0 

6.4 
7.2 
5.7 

ds/day 

s 

2.1 
1.8 
2.3 

1.6 
1.6 
1.7 

1.5 
0.7 
1.9 

1.9 
1.1 
2.3 

Forage eating 
Min./day 

av. 

243.6 
240.5 
246.4 

1 332.8 
: 315.3 

348.2 

226.2 
236.7 
214.6 

283.3 
279.2 
287.0 

s 

46.8 
48.4 
45.9 

76.0 
55.1 
88.2 

32.4 
23.9 
37.8 

68.9 
39.5 
90.0 

-i 

c^\, 
M 

$\;, kv :••> 

Î<1 s ° ' ( 
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* one cow excluded because of severe foot problems 
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In the system with feeding at the fence and milking in the feeding 
station the lying times were longest. Here the high-producing cows lay 
even longer than the lower-producing cows. This could be a positive 
effect of the higher milking frequency in this system. The lying times 
for the other systems were, on average, similar. In all these cases the 
big difference in lying times between cows with a milk yield of more than 
25 kg and less than 25 kg is striking. The extra time for standing was 
not used for eating (the time spent eating did not differ between the 
production groups within a system). In general, the high-producing cows 
stood in the cubicles longer; this suggests that these cows had problems 
in lying down because of the pressure on the udder. In the system with 
automatic feeding and milking in the feeding station the high-producing 
cows had no so long lying times as with feeding at the fence and milking 
in the concentrate feeder for reasons that are not clear. The variation 
in lying times is, especially, for this group rather high. This might be 
due to foot problems. 

The number of lying periods seem to be influenced by the feeding 
system. Feeding at the automatic feeding system gave fewer, but longer, 
lying periods. Obviously, cows in the automatic system stand up less 
often for eating than cows fed at the feeding fence. This means, however, 
that the system of feeding (including the number of places available and 
the layout of the housing system) influences animal behaviour. 

The times spent eating forage were longer in the automatic system. This 
is mainly because the time the cows were, just standing in the feeding 
stations was included in this eating time. For eating at the fence, only 
the time the cow had her head through the fence was recorded as forage 
eating. The longer eating time in the automatic system had no clear 
effect on the the lying times. 

The times spent eating concentrates were about 45 minutes per cow per 
day in the systems with milking in the parlour. In the systems with 
milking in the feeding station these times were in average about 10 
minutes longer. On the other hand milking in the parlour took about 50 
minutes which could be "saved" by the cows milked in the feeding station. 

Discussion 

The full automation of the milking and feeding processes seems to be 
technically possible in the near future. Concentrate feeding has already 
been automated. The detection of cows in oestrus, of diseases, and of 
deviant milk quality can now be automated in principle. Milking robots 
are being developed. 

With automated milking systems more frequent daily milking will be 
possible. This will result in higher yields per cow. More research will 
be necesarry in future. Questions about optimal milking frequencies at 
different stages of lactation and about the effects on animal health 
(reproduction, udder, teats etc.) should be examined. 

The results described here indicate that thé automatic feeding system 
could be a useful instrument for further research on optimizing the 
feeding of dairy cows. However, also here more research will be 
necessary. 

Aspects such as profitability, labour savings, and effects on the 
production, health and behaviour of the animals will determine whether 
the systems will be applied in practice. For an automated milking system 
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the prospects seem to be better than for automated individual feeding 
systems for complete forage rations. 

It can be stated that automation can create favourable conditions for 
the cows, such as the repeated provision of fresh feed, permanent access 
to the feed and the facility of adjusting the feed composition (forage, 
concentrates) to individual needs. More frequent milking, probably, 
better meets the requirements of the high-yielding cows. Higher yields 
and in one experiment longer lying times especially for these 
high-yielding cows indicate this. Future research in this field will be 
very interesting. Besides, attention will have to be paid to disturbances 
in the synchronism in behaviour in the herd and the correct timing of the 
individual use of the feeding and milking stations. 

It is evident that the location in the stall layout where certain 
activities (lying, eating forage and concentrate, milking) take place is 
of influence on the frequency of this activities. This might be of 
importance for the design of future housing systems in which highly 
automated feeding and milking techniques are integrated. 
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EFFECTS OF AUTOMATIC CONCENTRATE FEEDING SYSTEMS ON THE BEHAVIOUR OF 
DAIRY COWS 

H.K. Wierenga and H. Hopster 

Research Institute for Animal Production "Schoonoord", 
P.O.Box 501, 3700 AM Zeist, The Netherlands 

Summary 

In dairy practice, more and more systems for the automatic feeding of 
concentrates are gradually being introduced. The effect of four different 
systems of concentrate feeding on the pattern (frequency and time) of ea­
ting concentrates and on the general activities (eating, standing, lying) 
of the cows were investigated. 

The experiment showed that the different feeding systems each result in 
a different concentrates eating pattern. The cows always try to obtain 
concentrates as soon as they are available, even if this results in a 
reduced lying time or in an increased number of interruptions of lying 
periods. 

It is hypothesized that under less favourable conditions - e.g./in­
creased competition for a feeding station - problems will first arise 
with the investigated fixed-11-time system. Fewer problems may be ex­
pected under less favourable conditions with the variable-time system. It 
is pointed out that it is important for the cows to have information 
about the exact time at which concentrates are available again. 
Keywords: dairy cattle, automatic feeding, concentrates, behaviour, daily 
rhythm. 

Introduction 

Gradually more and more practical farms are using systems for automatic 
concentrate feeding. With such systems cows can be identified individual­
ly in a feeding station and they can receive concentrates if they have 
not consumed their total allotted ration for that period. Per feeding 
station, about 25 cows can be fed concentrates. The various available 
systems can be roughly divided into two types: fixed-time and variable-
time feeding systems. Investigations (Spiegelberg, 1980; Baehr, 1984; 
Collis 1980; Wierenga & Folkerts, 1986; Van de Burg et al., 1987) have 
shown that the two types each cause a typical pattern of visits to the 
feeding station. With a fixed-time system, each 24-hour period is gener­
ally divided into two 12-hour feeding cycles, which are subdivided into 
three 4-hour periods. When such a system is used, the number of visits is 
high directly after the start of a new feeding period and then gradually 
decreases. When, after some time, most cows have received their concen­
trates, the number of unrewarded visits gradually increases. Depending on 
the amount of concentrates given, each cow visits the feeding station 
about 10 times per 24 hours; only about half of these visits is rewarded 
(Wierenga & Folkerts, 1986; Van der Burg et al., 1987). The variable-time 
system involves a 24-hour period during which the cows gradually build up 
their allotted ration. When, after a visit, the ration has again reached 

25 

L 



a level of 50 grams, at a new visit the cow will receive concentrates. 
The cows visit the feeding station about 15 times per 24 hours when such 
a variable-time system is applied. These visits take place continuously 
during the whole 24 hours, and almost all are rewarded (Van de Burg et 
al., 1987; Wierenga & Folkerts, 1986). 

The described investigations only give information about the visits to 
the feeding station of a group of cows as a whole. No information is 
available about individual differences between cows in the time and fre­
quency of their visits, or about the possible consequences of automatic 
concentrate feeding for other behavioural activities. Individual differ­
ences could be substantial, because the number of feeding stations is 
limited, so that the cows must visit the stations in turn. 

The aim of the experiments described in this paper was to obtain 
information about the behaviour of individual cows under various systems 
of concentrate feeding. In particular, the consequences of automated 
feeding for the lying behaviour (total time and daily rhythm) was inves­
tigated, by comparing systems with which the intake of concentrates took 
place at different parts of the 24-hour period. The variable-time system, 
with a fairly constant pattern of intake of concentrates during the 24-
hour period, was compared with the fixed-time system with peaks in intake 
of concentrates directly after the start of a new 12-hour cycle. With the 
latter system the consequences of starting each 12-hour cycle at times 
when cows were also active with eating roughage and, on the contrary, at 
times when most cows normally were lying down, were investigated. For 
comparison feeding concentrates at the feeding rack was also investi­
gated. 

The results of such experiments give insight into the way the animals 
make use of the systems and thereby how the systems affect the cows. The 
information can be used in the development of systems for automatic con­
centrate feeding, but can also contribute to the development of automatic 
systems for milking or roughage feeding. 

Materials and methods 

Animals, housing and feeding 

The investigation comprised three experiments (experiments I, II and 
III) which were performed with three different groups of 20 lactating 
dairy cows each. At the start of the experiments the cows were in about 
their third month of lactation. The age of the animals in each group 
varied between two and ten years. 

The cows were kept in a cubicle house (fig. 1) with one row of 19 cu­
bicles , a feeding rack with 16 places and a walking area 2.60 m wide, 
with a slatted floor. The concentrate feeding station was placed in the 
cubicle row. 

The cows were milked in a milking parlour at 07.00 hr and 16.30 hr. In 
the three experiments the cows received maize silage (respectively 5.0, 
5.0 and 4.2 kg d.m. per cow) after morning milking. In the first two 
experiments the cows received hay ad lib., of which part was given at 
13.30 hr and the rest after evening milking. Total hay intakes in ex­
periments I and II were 8.0 and 4.7 kg d.m. per cow respectively. In the 
third experiment the cows received, in addition to the maize silage, 
grass silage ad lib. which was also given at 13.30 hr and after evening 
milking. The total intake of grass silage was 5.3 kg d.m. per cow. 
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Fig. 1. Plan of experimental cubicle house. 

In the first experiment each cow received 12 kg of concentrates, and in 
the second and third experiment 11 kg of concentrates per cow were given. 
With automatic feeding 9 kg of the total ration was always given via the 
feeding station and the remainder was given in the milking parlour. When 
concentrates were fed at the feeding rack, the cows received 7 kg of con­
centrates per cow mixed with maize silage directly after morning milking. 
The remaining 4 kg was given in the milking parlour. 

The three systems for the automatic feeding of concentrates are de­
scribed briefly. In both fixed-time systems in each cycle of 12 ho»rs, 
4.5 kg of concentrates were available for each cow. At the start of each 
cycle the allotted ration of each cow was set at 3.0 kg. After a period 
of 4 hours, 1.5 kg was added to the available ration. When a cow had not 
eaten any concentrates in the first four hours, then her balance became 
4.5 kg. In the last 4-hour period of a cycle the balance was not in­
creased again but those cows who had eaten only part or nothing of their 
concentrates, would be rewarded at a visit to the feeding station. In the 
first of the two tested fixed-time systems, the 12-hour cycles started at 
07.00 hr and 19.00 hr (this system was called the "fixed-7-time system"). 
In the second system (the "fixed-11-time system") the 12-hour cycles 
started at 11.00 hr and 23.00 hr. 

The third system which was applied was a variable-time system. Every 
day, each cow started at 19.00 hr with a balance of 0.2 kg. Every 14 min­
utes 0.1 kg was added to this balance. For instance, when a cow visited 
the feeding station 140 minutes after the start of the period, she could 
receive a maximum of 1.2 kg of concentrates. If she consumed her 1.2 kg, 
her balance built up gradually again, starting from 0.0 kg. This balance 
could grow to a maximum of 3.0 kg. When this level was reached the cow 
first had to visit the station and eat (part of the) concentrates before 
the procedure of the growing balance was started again. When a cow vis­
ited the feeding station regularly to eat concentrates, after a period of 
about 20 hours (so at about 16.00 hr) the maximum amount of 9 kg of con­
centrates was allocated. 

Experimental design 

The experimental design is given in Table 1. Each system in turn was 
tested for a period of about 3 weeks. In experiment I three systems were 
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used; one, the fixed-7-time system, was repeated. In experiment II, con­
centrate feeding at the feeding rack was tested twice, interrupted for a 
period when the fixed-11-time system was introduced. In experiment III 
only the fixed-7-time system was tested once. 

Table 1. Design of the experiment with three different groups of cows, 
fed concentrates with four different systems (further explanation see 
text). 

Exp.period 
Experiment I 
group I 

Experiment II 
group II 

Experiment III 
group III 

Fixed-7-time 
system 

Variable-time 
system 

Fixed-7-time 
system 

Fixed-11-time 
system 

Feeding rack 

Fixed-11-time 
system 

Feeding rack 

Fixed-7-time 
system 

Collection and analysis of data 

To obtain information about time-budget and daily-rhythm, in each 3-
week experimental period the cows were observed during three 24-hour 
periods. These observations took place in the second half (the last 10 
days) of the experimental period. Two successive 24-hour observations 
were always interrupted by at least one day without observations (except 
in the third experimental period of experiment I). The observations 
started at 07.00 hr in the morning and finished at 07.00 hr the next day. 
Every 5 minutes the general activity of each cow was recorded. The fol­
lowing five activities were distinguished: standing (incl. eating) at the 
feeding rack, standing (incl. eating) in the concentrate feeding station, 
standing in the walking area, standing in a cubicle, lying in a cubicle. 
Based on the information collected with these 5-minute interval obser­
vations , the total time spent on each of the observed activities could be 
estimated for each cow over a certain period. Because visits to the feed­
ing station can be short (less than 1 min. when the animals do not re­
ceive concentrates), such 5-min. interval observations only give reliable 
information about the time spent in the station at "group-level". To ob­
tain information which could be analysed per individual cow, in experi­
ments II and III the visits to the station were recorded continuously. 
This automatic recording was done throughouf the experimental period. For 
statistical analysis only the data of the last 10 days of the experimen­
tal period were used (to exclude possible effects of adaptation to a new 
system). 

In experiments I and II the collected data were analysed with an anal­
ysis of covariance with time as a co-variable. Both data of the whole 
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24-hour period as well as of part of the 24-hour period were analysed. 
For the latter analysis the 24-hour period was divided into 4-hour pe­
riods which coincided with the 4-hour periods of the fixed-time systems. 
Because possible group-effects could not be estimated reliably, each ex­
periment has been analysed separately. Often, within one feeding system, 
only small differences were found between the groups for the most rele­
vant parameters (eating and lying time). Therefore, the results of two or 
three of the experiments were sometimes described together. 

To obtain information about the dominance relationships in the groups, 
aggressive displacements were recorded during the 24-hour observations 
and also during extra observations which were mostly done during feeding 
when many displacements could be observed. In total, in experiments I, II 
and III 1832, 857 and 534 displacements respectively were recorded. Based 
on these displacements a dominance value for each animal was calculated 
(see Wlerenga, 1988) . The five animals with the highest dominance value 
were called "high-ranking animals", the five animals with the lowest dom­
inance value, "low-ranking animals". 

Results 

This paper considers the consequences of the four different feeding 
systems on eating behaviour (concentrates, roughage) and lying behaviour. 
In particular the lying behaviour in the night is analysed in detail. 

Time-budget 

For each experiment the recorded time spent in the feeding station, at 
the feeding rack and lying in the cubicles is given in Table 2 for each 
feeding system. In experiment I significant differences were found be-

Table 2. Time spent (in min./24 hrs) in the feeding station, at the feed­
ing rack and lying in the cubicles, given for the three experiments and 
the various feeding systems separately. The results for the whole group 
as well as for the high- and low-ranking animals are given. Where, within 
one experiment, significant differences were found (P < 0.05, analysis of 
covariance) these data are marked with a different character (a, b or c). 

in feeding station 
all animals 
high-ranking cows 
low-ranking cows 

at feeding rack 
all animals 
high-ranking cows 
low-ranking cows 

lying in cubicles 
all animals 
high-ranking cows 
low-ranking cows 

experiment I 
fixed 

-7-

41. 3a 

42.9a 

43.4 

186.2 
176.6 
192.0 

fixed variable 
-11-

46.3b 52.4° 
47.7aC 62.6° 
46.3 52.2 

183.4 192.3 
161.4 176.7 
158.3 202.0 

707.0a 646.0 746.0C 

712.0 680.0 724.0 
743.0ac579.0 806.0° 

experiment II 
feeding fixed 
rack -11-

0.3a 50.3^ 
0.0a 47.35" 
0.5a 50.7b 

292.3a 

266.7a 

278.la 

653.0 
683.0 
579.0 

232.4^ 
203.55/ 
211.4b 

652.0 
704.0 
564.0 

experiment III 
fixed 

-7-

44.3 
44.0 
44.0 

236.9 
244.3 
223.0 

701.8 
733.7 
797.3 
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tween the three systems in the time spent in the concentrate feeding sta­
tion. The shortest time (between 40 and 45 minutes per 24 hours) spent in 
the feeding station was recorded when the fixed-7-time system was used. 
The most time was spent in the concentrate feeding station when the vari­
able-time system was used. Analysis of the results for high- and low-
ranking animals separately, gives fairly comparable results. 

In experiment I for all animals together the time spent at the feeding 
rack was not different for the three feeding systems. In experiment II a 
statistically significant higher time (about one hour more) was spent at 
the feeding rack when concentrates were given at the feeding rack com­
pared to the fixed-11-time system. The total time spent "eating" (concen­
trates and roughage), however, was not very different (292.6 and 282.7 
minutes respectively). Again analysis for the high- and low-ranking ani­
mals separately gives fairly comparable results. 

In experiment I, significant differences between the three feeding sys­
tems were found for the time spent lying in the cubicles. In experiment 
II lying time did not differ significantly between the two feeding sys­
tems. The recorded lying time was similar to the lying time recorded with 
the fixed-11-time system in experiment I. The lying time recorded in ex­
periment III was similar to the lying time recorded with the fixed-7-time 
system in experiment I. Thus, when the three experiments are combined, 
the lowest lying time (about 650 minutes per 24 hours) was recorded when 
concentrates were given at the feeding rack or with the fixed-11-time 
system. When the fixed-7-time system was used, a lying time of about 700 
minutes per 24 hours was recorded in both experiments. The highest lying 
time (746 min./24 hrs) was recorded during the variable-time system. In 
contrast to eating time, the lying time showed some differences between 
the high- and low-ranking animals. For the high-ranking animals in exper­
iment I, no significant differences were found between the different sys­
tems. Lying time was only slightly higher with the variable-time and the 
fixed-7-time system compared to lying time when the fixed-11-time system 
or when concentrate feeding at the feeding rack was applied. For the low-
ranking animals the differences between the systems are larger, and in 
experiment I partly statistically significant. When the results of the 
three experiments are combined, for the low-ranking animals we find a 
lying time of about 570 min./24 hr when the fixed-11-time system was 
applied or when concentrates were fed at the feeding rack. The lying time 
was about 750 and 800 min./24 hr when the variable-time system or the 
fixed-7-time system were applied. 

Daily rhythm 

The daily rhythm - presented as total time per each 4-hour period - is 
given in Figure 2, for the time spent in the concentrate feeding station, 
at the feeding rack and lying in the cubicles. When a fixed-time system 
was used, most time (more than 10 min. per cow per 4-hour period) was 
spent in the concentrate feeding station in the first two 4-hour periods 
directly following the start of a new 12-hour cycle. When the variable-
time system was used, only at the end of the 24-hour cycle a low time 
spent in the feeding station (+ 4 min./cow/4-hour period) was found. In 
the other five 4-hour periods a rather high (+ 10 min./cow) amount of 
time was spent in the feeding station. The time spent at the feeding rack 
showed the same pattern for all the experimental periods. Most eating 
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time was spent during the day, between 07.00 hr and 19,00 hr. In the 
evening and particularly in the night, little time was spent at the feed­
ing rack. When concentrates were given at the feeding rack, the time 
spent at the feeding rack in that period increased by about one hour. 

Min./ 
4 Hour 

10 

Min./ 
•* Hour 

EATING CONCENTRATES 

X/\ 
, v , x 

1 Î 0 

40 

110 

BO 

EATING ROUGHAGE 

\ . 
--... 

__.,-,; 
t r ^ i t . 

FEEDING RACK 

FIXED - 7 ~ TIME 

— 
— 
_.-

1 

EXPERIMENT 

EXPERIMENT 

EXPERIMENT 

START 

II 

III 

FIXED - 11 - TIME 

VARIABLE TIME 

Figure 2. Daily rhythm of eating concentrates (left), eating roughage 
(middle) and lying (right) with the four different systems for feeding 
concentrates (at the feeding rack, or with the fixed-7-time, fixed-11-
time, or variable-time system). The arrow ("start") indicates the start 
of a new 12-hour or 24-hour cycle. The results are presented for each ex­
periment seperatedly. 

During the day (07.00 hr - 19.00 hr), mostly about 100 minutes per 4 
hours was spent lying. During the evening and particularly during the 
night more time (about 150 mln./4 hours) was spent lying. When concen­
trates were given at the feeding rack, in the first 4-hour period lying 
time was reduced by about 50 minutes. Other distinct differences in lying 
time were found between the various feeding systems in the night. There­
fore, lying behaviour in that period was analysed separately (see Table 
3). In the two 4-hour periods of the night, for the group as a whole a 
reduced lying time was generally recorded in the fixed-11-time system. In 
particular in experiment I a low lying time (117.5 min.) was recorded at 
the end of the night (03.00 - 07.00 hr). The lying time found with the 
fixed-7-time system, the variable-time system and with feeding concen­
trates at the feeding rack did not differ much and varied between about 
140 and 155 minutes (23.00 - 03.00 hr) and about 150 and 155 min. (03.00 
- 07.00 hr) respectively. So, both the relatively high and the relatively 
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low lying time per 24 hours, found for the variable-time system and for 
the system with concentrates given at the feeding rack respectively 
(Table 2), were not reflected in the night period. 

Table 3. Time spent lying (min.) in the cubicles in the two 4-hour peri­
ods of the night. Further explanation: see Table 2. 

lying in cubicles 
23.00 - 03.00 hr 
all animals 
high-ranking cows 
low-ranking cows 

03.00 - 07.00 hr 
all animals 
high-ranking cows 
low-ranking cows 

experiment 
fixed 

-7-

143.2ac 

141.4 
143.6 

153.4ac 

161.5aC 

142.9ac 

I 
fixed variable 
-11-

131.5a 

118.3 
123.2 

117.5b 

129.9^° 
57.6b 

151.3C 

144.3 
160.0 

155.5° 
152.0° 
160.5° 

experiment II exp 
feeding 
rack 

154.la 

152.3 
149.3 

149.0 
151.3 
130.8 

fixed 
-11-

133.lb 

136.6 
128.1 

140.6 
161.0 
124.8 

eriment III 
fixed 

-7-

138.3 
160.7 
145.0 

155.8 
161.7 
166.3 

When the results of the high- and the low-ranking animals are analysed 
separately, it appears that, compared with the results of the whole 
group, the differences between the fixed-11-time system and the other 
three systems are smaller for the high-ranking animals but larger for the 
low-ranking animals. In experiment I for the low-ranking animals a dif­
ference in lying time of 105.7 min. (20.4 + 85.3) was found in the night 
period between the fixed-7-time system and the fixed-11-time system, 
whereas this difference for the high-ranking animals was only 54.7 min. 
and for all animals together 47.6 min. 

More detailed information about the daily rhythm of the visits to the 
concentrate feeding station of the high- and low-ranking cows is given in 
Figure 3. As has been explained, only in experiments II and III were 
suitable data collected for an analysis at an individual level. It must 
be realized that in comparing the fixed-7-time system and the fixed-11-
time system, at the same time two different groups are being compared. 
The results presented show that the high-ranking cows spent the longest 
time in the feeding station directly after the start of a new 12-hour 
cycle. For the low-ranking cows however, the time spent in the station in 
the first 4 hours of a new cycle is not as long as for the high-ranking 
cows and in the second 4-hour period they spent about the same amount 
(fixed-7-time system) or more (fixed-11-time system) time in the feeding 
station. These results suggest that the high-ranking cows are able to 
occupy the feeding station directly after the start of a new cycle, 
whereas the low-ranking animals have to wait. Such a shift was evident 
particularly for the fixed-11-time system. 
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Figure 3. Daily rhythm of eating concentrates with the fixed-7-time 
(left) and the fixed-11-time (right) system, for the high- and for the 
low-ranking animals. The arrow indicates the start of a new 12-hour cy­
cle. Results of experiment II and III. 

Cubic le-periods 

For the different experiments we analysed how often in each 4-hour 
period a so-called cubicle-period was terminated (a cubicle-period is a 
period during which a cow was seen - without any interruption - standing 
or lying in a cubicle). It must be realized that the numbers of termi­
nated cubicle-periods were sometimes low because few cows were lying 
down. The results are presented for the 24-hour period as a whole and for 
both the 4-hour periods of the night (Table 4). In experiment I the num­
ber of terminated cubicle-periods was lowest when the fixed-7-time system 
was used. No difference was found between the fixed-11-time system and 

Table 4. The number of terminated cubicle-periods for the whole 24-hour 
period and for both the 4-hour periods of the night. Further explanation: 
see Table 2. 

24-hour period 
night-period 

23.00-03.00 hr 
03.00-06.00 hr 

experiment I experiment II 
fixed fixed variable feeding fixed 

-7- -11- rack -11- . 
10.4 10.9 

1.7 
1.1 

11.1 

2.0 
2 .1 

ab 2.3 
1.9 

9 .6 

1.2 
1.3 

11.7 

2.0 
2.0 

experiment I I I 
f ixed 

- 7 -
11.3 

1.8 
1.5 
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the variable-time system. In experiment II the number of terminated cubi­
cle periods was significantly lower when concentrates were fed at the 
feeding rack compared to feeding with the fixed-11-time system. The 
results obtained with the fixed-11-time system in this experiment are 
more or less equal to the results of the same system in experiment I. The 
results obtained with the fixed-7-time system in experiment III are more 
or less equal to the results of the same system in experiment I. So, the 
combined results of the three experiments show that the number of termi­
nated cubicle-periods per 24 hours is lowest when concentrates are fed at 
the feeding rack; they are only slightly higher when the fixed-7-time 
system is used, and again somewhat higher when concentrates are fed with 
the fixed-11-time system or with the variable-time system. In the night, 
the differences in the number of terminated cubicle-periods between the 
systems are similar, but more pronounced and partly statistically signi­
ficant. 

Discussion 

The results of the experiments with the various systems for concentrate 
feeding have shown that these feeding systems affect the behaviour of the 
cows. In the present paper attention has been focused on the relation 
between the feeding regime and the lying behaviour, in particular during 
the night. Other points of interest from the results of these experiments 
will be discussed in a subsequent paper. 

Only small, but sometimes statistically significant, differences were 
found in total time for eating concentrates between the four systems in­
vestigated. The feeding pattern, however, differed distinctly between the 
systems. When the concentrates were mixed with maize silage, this re­
sulted in an increased eating time at the feeding rack in the first 4-
hour period after feeding. Apparently the cows were so interested in the 
mix of maize silage and concentrates that they decided to eat it imme­
diately instead of eating part of that food at another time of the day. 
The three different systems for automatic concentrate feeding each pro­
voked a typical concentrate feeding pattern. It is important to realize 
that the cows are not "forced" by the system to start eating concentrates 
immediately after the start of a new cycle. If a cow should wait, for in­
stance, and eat concentrates at the end of the 12-hour cycle of a fixed-
time system she could eat the 4.5 kg all at once. Apparently the cows 
appreciated the concentrates so much that they tried to obtain them as 
soon as they were available again. It appeared also that the cows, after 
the transition from one system to another, generally adapted very quickly 
to the new feeding system. For the fixed-time system this resulted in a 
shift of the feeding pattern when the start of the 12-hour cycle was 
changed. With the variable-time system, compared to a fixed-time system, 
the cows had more opportunities to obtain concentrates; this resulted in 
a higher number of visits (during which the cows received small portions 
of concentrates). 

The alterations in feeding behaviour, caused by the different feeding 
systems, resulted in changes in the lying behaviour. At different times 
during the 24 hours the lying time was either slightly or more markedly 
reduced or increased. When concentrates were fed at the feeding rack, the 
increased eating time of about one hour in the first 4-hour period, re­
sulted in an almost equal decrease in time spent lying in that period. 
This reduction in lying time did not result in an increased lying time 
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during other times of the day or night, so for the whole 24-hour period 
lying time was reduced by one hour. Interestingly, with this feeding sys­
tem the number of (terminated) cubicle-periods was the lowest compared 
with the other systems. This latter difference was found mainly in the 
night. The longest lying time per 24 hours was found when the variable-
time system was used. This seems surprising, because (1) with this system 
the longest time spent in the feeding station was found (2) it is known 
(Wierenga & Folkerts, 1986; Van de Burg et al., 1987) that the number of 
visits is high with such a system and (3) the number of cubicle periods 
(- interruptions of lying) was found to be rather high. The reason that 
the lying time was still relatively high may be that, with this system, 
competition between the animals for the feeding station was lower com­
pared with the fixed-time system. With a fixed-time system it was gener­
ally seen that after the first cow had received concentrates at the be­
ginning of a new cycle, other cows reacted to that "signal" and imme­
diately proceeded to the feeding station. At the beginning of each 12-
hour cycle the cows receive 3.0 kg of concentrates and it takes about 10 
minutes before a waiting cow can enter the station. With the variable-
time system, at the beginning of a new 24-hour cycle, each cow is only 
allotted a small amount of concentrates and the cows can succeed each 
other quickly. Furthermore it is important that with the variable-time 
system the cows had a more or less continuous chance to obtain concen­
trates for a long period. Anyhow, with the variable-time system, the time 
for waiting will have been shorter, resulting in a higher lying time. The 
number of cubicle periods is high because the cows often visited the 
feeding station. 

With the fixed-7-time system a higher lying time was found than with 
the fixed-11-time system. For the fixed-11-time system, in particular in 
the night period a reduction in lying time was found. This reduction was 
greater for the low-ranking animals than for the high-ranking animals. 
Furthermore, for this system it was found that the peak of concentrate-
eating activity for the low-ranking animals did not take place in the 
first but in the second 4-hour period after the start of a new 12-hour 
cycle. One important aspect of the fixed-7-time system is that to a great 
extent the intake of concentrates took place at times that the cows were 
also eating roughage (= already active). Maybe the cows just quickly in­
terrupted this eating for visiting the feeding station. This could also 
explain why, with the fixed-7-time system, no difference in the time of 
concentrate intake between high- and low-ranking animals was found. With 
the fixed-11-time system the start of a new 12-hour cycle results in many 
cows standing up and proceeding to the feeding station (the number of 
interrupted cubicle periods is high). Many cows then have to wait in the 
neighbourhood of the station; the high- ranking cows will be the first to 
enter it, resulting in longer waiting times for the low-ranking animals 
and a reduced lying time for them. So, for the differences in reactions 
of the cows between the fixed-7-time and fixed- 11-time system, two pos­
sible causes are given: (1) a cow which is lying down, will more readily 
go immediately to the feeding station when new concentrates are available 
than a cow which is eating roughage, and (2) when concentrates and 
(fresh) roughage are available at the same time, cows will more readily 
leave the "waiting area" or not even proceed to the feeding station but 
start, or stay, to eat roughage, resulting in a more flexible succession 
of cows visiting the station and fewer cows competing for the feeding 
station at any one time. 
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The cows' point of view 

These experiments showed that the cows were so keen on concentrates 
that, at the first possibility, they tried to obtain them. The results 
showed that the cows are so interested in eating concentrates that they 
accepted changes in lying time and in the number of interruptions of 
lying periods. Because no differences were found in the intake of con­
centrates between the three systems for automatic feeding (in experiment 
I for the whole group the mean intake of concentrates for the fixed-7-
time, the fixed-11-time and the variable-time system respectively was 
172.2 kg, 172.3 kg and 173.9 kg) the question remains whether the re­
corded differences in behaviour are important for the cows or not. 
Because the cows are not forced by the system to change their pattern of 
intake but they still immediately reacted to changes in the availability 
of concentrates, it is believed that the possible costs are not so high 
for the cows that they cause the animals problems. However, there are 
differences between the systems which may be relevant for the cows. 
Briefly, these various aspects of the automatic feeding systems will be 
discussed and also what the consequences for the cows - and thus for the 
intake of concentrates - will be when the conditions are less favourable 
than in the described experiments. In particular an increased competition 
for the feeding station may cause problems for the cows. This competition 
for the station can be higher because a higher amount of concentrates is 
given or because more cows are kept per feeding station. In judging the 
systems, different aspects have to be considered. One advantage of all 
three automatic feeding systems is that the cows, to a great extent, have 
the opportunity to decide for themselves when they will eat concentrates. 
With concentrate feeding at the feeding rack, it is the farmer who de­
cides about the time of eating concentrates. However, a disadvantage of 
the automatic feeding systems is that they do not allow the cows to syn­
chronize their concentrate-eating behaviour. This may result in competi­
tion for the feeding station. It seems possible that a further increase 
in competition, in particular with the fixed-11-time system, will result 
in more negative effects for the cows and thus in a reduction of the in­
take of concentrates. In particular periods increased competition may 
result in longer waiting times and thereby in reduced lying time. With 
the fixed-7-time system the consequences of increased competition are 
expected to be lower, because eating concentrates takes place partly at 
the same time as eating roughage. The least problems may arise with the 
variable-time system; because the cows seem to have more opportunities to 
obtain concentrates, the consequences of competition may be lower. How­
ever, the rather high number of visits (resulting in a high number of 
interruptions of lying) which are found for this system (Wierenga & 
Folkerts, 1986; Van de Burg et al., 1987) are seen as a negative aspect 
of this system. It is believed that this high number of visits could be 
reduced if the minimum amount of concentrates which is "saved" before a 
cow is rewarded again, is higher than the current level of 50 gram. 

Another aspect of the automatic feeding systems is that they do not 
give clear information to the cows about when'they will be rewarded (with 
concentrates) for a visit to the feeding station and when they will not 
be rewarded. In particular with the fixed-time systems, it seems diffi­
cult for the cows to predict reliably at what time they will receive 
concentrates. Experiments with a system for individual signalling 
(Wierenga & Hopster, 1987), which informed each cow individually (by an 
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acoustic signal) when concentrates were available again, showed that the 
cows reacted to that signal and came less often at other times. There­
fore , it appears to be important for the cows to have information about 
the times they can obtain concentrates in the feeding station. 

The results of the described experiments can be used for the further 
development of concentrate feeding systems and also for the development 
of other automatic systems, e.g. for milking. 
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Intake of feeds 
Level of production 
Utilization of the nutrients 
Requirements of equipments, buildings 
Labour and management 
Economics of the use of automated feeding. 

Computer aided feeding by use of feeding dispensers or si­
milar equipment gives the dairy farmer the opportunity to in­
crease the feeding frequency of the suplementary concen­
trates. Therefore the main analysis focuses on the efffect of 
feeding frequency on the production and the biological effi­
ciency as well as the economic efficiency including costs of 
equipment, buildings, labour and management in the dairy 
herd. 

When looking at automation of feeding (i.e. feeding system 
described by the equipment), the separate concentrates feed­
ing is concerned. The most convenient and economic feeding 
principle is "Strategy of feeding concentrates", i.e. a cer­
tain level and pattern of feeding concentrates through lacta­
tion combined with forage (grass, hay, silage etc.) fed ad 
libitum (0stergaard, 1979). The concentrates are fed restric-
tively, individually, and independently of daily milk yveld. 
The forage is fed ad libitum. 

Biological effect of feeding frequency 

In herds which are fed small quantities of concentrates and 
high quality forage ad libitum, the biological efficiency ex­
pressed by feed intake, level of production, and utilization 
of the nutrients will not be affected by increased feeding 
frequency by the use of automated feeding (Johnson, 1980; 
Gibson, 1984; Krohn et al., 1985). 

Table 
et al., 

1 shows 
1985). 

detailed results of Danish experiments (Krohn 

The reason for no effect of increased feeding frequency is 
that the high yielding dairy cow does not need to be fed con­
centrates in large amounts. The rumination and the rumen fer­
mentation is then optimum (Johnson, 1980). Such diets based 
on high quality forages fed ad libitum comprise: 

Young grass or clover grass fed fresh or grazed 
Silage/hay well conserved on basis of young grass or 
Other types of high quality silage (sugar beet top etc.). 

In many herds the high quality forage is expensive to feed 
compared to grainmix (grain + oil cakes/meal) and is conse­
quently substituted by small quantities of (poor) silage/hay 
or straw and large amounts of concentrates (more than 60% of 
dry matter intake = DMI). The effect of increased feeding 
frequency from 2 to 6(8) allotments of a certain amount of 
concentrates daily in such cases is a very slight increase in 
forage intake, an unchanged milk yield, but a 10% increased 
production of butterfat as the fat percentage is increased 
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(Krohn et al., 1985). This conclusion is based on a Danish 
experiment the results of which are seen from Table 1. Gibson 
(1984) found by reviewing the literature approximately the 
same effect, if the high concentrated diet by allotments per 
day gave a fat content in the milk markedly below the expect­
ed according to the breed. 

Table 1. Feed intake and production at different level of 
concentrates and feeding frequency for dairy cows 3-20 weeks 
p.p. (Krohn et al., 1985). 

Level of concentrates 
No. of allotments 

Low High 

Feed intake, kg DM/d 
Concentrates 
Mixed forage 

5.5 
12.1 

5.5 
11.9 

9.0 
6.8 

8.9 
7.6 

Total feed intake 17.6 17.4 15.8 16.5 

net energy, SFU* 
dig. crude protein, 
dig. dietary fat, g 
crude fibre, g 
starch, g 

16.0 
2155 

602 
3392 
2618 

15.8 
2130 

598 
3340 
2575 

15.6 
2308 

837 
1769 
2503 

16.1 
2357 

868 
2024 
2474 

Chewing time, min./kg DM 40 40 33 35 

Production, daily 
- m i 1 k , k g 
- fat, % 

butterfat, g 
protein, % 
milk protein, g 

- 4% FCM, kg 
daily gain, g 

25.0 
4.19 
1044 
3.09 

772 
25.7 

46 

25.2 
4.17 
1052 
3.01 

758 
25.8 

-40 

24.5 
3.91 

959 
3.10 

760 
24.1 

34 

24.3 
4.38 
1066 
3.20 

778 
25.7 

35 
SFU = Scandinavian Feed Unit defined by 

barley (85% DM) corresponding to 
1izable energy (ME). 

the NE of 1.00 kg 
11.92 MJ of metabo-

Kaufmann (1973) also found a positive effect, but smaller 
(approximately 5%). Johnson (1980) reviewed - in his thesis -
the literature and concluded (incl. his own experiment) that 
the positive effect of dividing the daily quantity of concen­
trates into several allotments depends on the total feed in­
take and the ration composition, i.e. the ratio between con­
centrates (starch) and forage (fibre).'Krohn et al. (1985) 
made the same conclusion, and a higher biological efficiency 
cannot be expected unless the intake of concentrates (rich in 
starch) exceeds approximately 60% of DMI. 

In Table 2 are summarized the biological main results, when 
feeding low quality forages (roughages) and large but certain 
amounts of concentrates (more than approximately 60% of DM 
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intake) at different feeding frequencies. The total DMI is 
assumed high between 16 and 20 kg per cow daily. 

Table 2. Biological results by feeding low quality forages 
and large amounts of concentrates at different feeding fre­
quencies. High DMI (16-20 k g / d ) . (Johnson, 1980; Gibson, 
1984; Kaufmann, 1973; Krohn et a l . , 1985) . 

Ad libitum intake of forage 

Milk yield, kg per day 
Milk fat, % 
Milk fat, kg per day 
Body weight gain 

Utilization of nutrients 

Change from 2 to 
6-8 allotments/d 
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+ + 
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Figure 1. Effect on butterfat yield of feeding frequency of 
concentrates as supplement to high and low quality of forage, 
High and equal feeding level to high yielding dairy cows (16-
20 kg D M / d ) . Schematically. (Sources: Tables 1 and 2; Kri-
stensen & N0rgaard, 1987; 0stergaard & Thysen, 1 9 8 2 ) . 
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Table 3 summarizes the positive effect of increased feeding 
frequency of large quantities of supplementary concentrates 
to forages, low in quality. No effect can be expected on milk 
yield and milk protein yield. 

Table 3. Expected increase in butterfat yield at different 
herds and diets by feeding concentrates frequently compared 
to twice a day. Kg per cow yearly, 

Yield potential, kg/year: 

Milk, kg 

9000 
7500 
6000 

Butterfat, kg 

360 
300 
240 

Kg butterfat/cow yearly 
at different diets 

Forage 
high 
quality 

0 
0 
0 

Mixed 
diet 

(10) 
( 7) 
( 4) 

High 
cone 
diet 

20 
14 

8 

Experiments with differences in allowances of concentrates 
per cow daily have been excluded. 

Labour input at automated concentrates feeding 

The labour input per cow for concentrates feeding depends 
on : 

herd size 
equipment 
feeds and quantities 
working routine and "speed". 

With automation of feeding, the work can sometimes be more 
pleasant, but the daily input of minutes is seen from Table 
4. 

Table 4. Daily labour input for feeding concentrates in tie-
up stalls (Keller, 1984)*. 

Total for 
100 cow 
herd, min, Equi pment 

Variable 
m i n . / c o w 

C o n s t a n t 
m i n . / h e r d 

Hand cart 
Feed truck 
Automatic truck 
Aut., stationary 

0.08 
0.07 
0.01 
0.005 

2.0 
1.7 

-
-

10.0 
8.7 
1.0 
0.5 

* Excl . control and maintenance of equipment and management. 
Time for that task including training of the staff for the 
automated equipment is unknown, but can be considerable. 

The daily physical labour input saved is 7.7 minutes (8.7-
1.0) when changing from 2 hand feedings from feed truck to 
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using automatic feed truck. By 
truck (use of transponders etc 
be increased to e.g. 4 or more 
put. 

use of automaticly controlled 
,) the number of allotments can 
without increased labour in-

Economics of automated concentrates feeding 

The economics of automated concentrates feeding is a result 
of possible change in the biological efficiency as well as 
the savings in labour input and the costs of the extra in­
vestment needed compared to the use of a hand cart. As the 
costs of investment in automated (computer controlled) equip­
ment vary very much from herd to herd, it is convenient to 
calculate the marginal income to pay the increased invest­
ments (and possible change in management (mgt.)). 

Table 5 shows for different diets and yield potentials 
(feeding levels) the economic result calculated on basis of 
Tables 3 and 4. Also no constraints of milk quotas are as­
sumed . 

Table 5. Economics of automated concentrates feeding in tie-
up stalls. Herd model. Figures per cow and year. , 

Yield change, butterfat, kg/cow 
To pay increased 
investments. Dkr./cow: 

High cone, diets 
Yield: kg milk & 

Forage, kg butterfat 
diet FOÖÖ 75ÏÏÖ 5ÜÜÏÏ 
high 
qty. 240 300 360 

0 + 8 + 14 + 20 

sales, 30 Dkr./kg fat 
saved labour (excl. mgt.) 

0 
28 

240 
28 

420 
28 

600 
28 

total to pay investments 28 268 448 628 

Max^_i n^stments^ JJkr./̂ c£w_̂  

- at 25%/year (depreciation, 112 1072 1792 2512 
- at 20%/year (rate of interest 140 1340 2240 3140 

(and maintenance) 
* 60.- Dkr. per man-hour (corresponds to the value of 2 kg 

butterfat. 

The figures in Table 5 demonstrate that the marginal income 
to pay the increased investment is only marked when high con­
centrated diets are fed for high feed intake of high yielding 
dairy herds. 

If the equipment gives relatively high costs per year, i.e. 
25% of the investment to depreciation, rate of interest and 
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maintenance, then the maximum investment should be lower than 
1072 Dkr., 1792 Dkr. and 2512 Dkr. for the 3 levels of herd 
yield (tie-up stalls), if there should be any benefits of the 
investment under the given conditions. 

If the cows are on good pasture for 6 months, there will be 
no increased yield during that period according to increased 
feeding frequency. Therefore a beneficial investment has to 
be reduced to half, although there can be small benefits in 
the daily feeding management, if concentrates are used as a 
supplement to grass. 

In Denmark, the investment in automated feed trucks incl. 
computers, transponders etc. is approximately 1000-1500 Dkr. 
per cow depending on herd size, among other things. 

In cases where the 
low, i.e. 20% of the 
investment is higher 

yearly costs of using the equipment are 
investment, the size of the beneficial 
as seen from the bottom line of Table 5. 

In loose housing systems (e.g. cubicles) some supplementary 
benefits can arise, because the computer control led-; feed dis­
pensers can also tell the herdsman about the actual feed in­
take of the individual cow. If the intake of concentrates is 
much lower than planned, the reason can be a sick cow or a 
cow in heat. 

When building new cubicle houses with concentrates dispens­
ing units some space of the feed bunk (forage) can be saved, 
if the forage is fed ad libitum. Up to 3 cows per feeding 
place did not influence the feed intake or the production re­
sult, including health, on the condition that a complete diet 
was fed ad libitum (Henneberg et al., 1986). The same result 
can be expected with high quality forage ad libitum and the 
use of concentrates dispensing units in a number which does 
not result in a queue of cows. 

In a Danish experiment with high quality forage ad libitum 
the feeding of 6 kg DM of concentrates by 6 allotments in­
stead of 2 resulted in 9% lower intake of concentrates than 
planned, because of too few visits to the units (Kristensen & 
Hindhede, 1983). Therefore both the advantages and disadvan­
tages have to be observed before investing in automated feed­
ing equipments. 
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1. Introduction 

The following contribution deals with possibilities of computer aided 
animal control. Among computer aided feedings this is one of the 
presuppositions for a completely automated dairy husbandry as marked by 
the development of milking robots. 

In all contries health and fertility disturbance is a high financial 
burden to dairy husbandry. This is caused by mistakes in husbandry and 
management. In times to come they can be substantially reduced "by a 
comprehensive recording of specific animal and feeding data. 

For this purpose animal and production data are to be collected during 
the production process by means of electronic sensors. An online computer 
receives and processes these data and identifies abnormal value of the 
animals at a very early stage (12). By this type of monitoring health and 
reproduction control of the animals is achieved. 

2. Selection of sensors 

First of all the selection and development of sensors suitable for a 
continuous collection has to orientate on physiological associated 
reaction of the animals in a way that the production process is not 
disturbed. For this sensors are suitable which are used for a production 
controlled feeding, e.g. milk yield devices, units recording live 
weights, automatic feeding systems and in addition special sensors 
monitoring animal physiological data, Fig. 1. 

2.1. Sensors to monitor physiological data 

2.1.1. Temperature sensors 

A central value for animal control is the body temperature (1). Normally 
it is taken rectal or vaginal. Direct measurements are time consuming and 
are therefore applied only point-focal. By those neither an early 
detection of pathological changes nor of the time of conception can be 
obtained. An automatic measuring process is not possible (4). An 
automatic measurement of the body temperature can only be achieved by an 
indirect measurement of the milk temperature. 

Comparative measurements indicated a significant correlation between core 
temperature of the body (vaginal) and milk temperature, Fig. 2. With that 
it could be proved that changes in the cows body temperature can be 
registered automatically (10). 

46 



feed 
intake 

perfor­
mance 

milk 

animal 
behaviour 

puls-
frequency 

concentrate 
feed store 

I activiation coil 

roughage 

|Wte ' ' receiver "reply transmitter 

milk production live weight 

recorder with 
stroingages ÉË 

temperature y~— 

S 
electrical 
conductivity 

Figure 1. Sensors for- herd monitoring. 

By measuring the milk temperature it becomes possible to monitor the 
development of the cows temperature at least twice a day. Hitherto 
existing tests/ especially concerning the oestrus control showed that 
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substantial information will be lost because of relative long milking 
intervals, i.e. measuring intervals. The aim would be continuous 
measurements/ e.g. by subcutaneous implanted sensors. 

Our tests showed furthermore that the difference of the measured 
temperature values of each single udder quarter is unessential. Therefore 
only one joint temperature sensor in the clawpiece can be considered 
sufficient. Because of the insignificant differences in temperature 
extensive and for each animal individual analyses of the obtained data 
are necessary. 

2.1.2. Electrical conductivity sensors 

Normally pathological disorder leads to changes of certain milk 
constituents. But for an automatic animal control only such indicating 
parameters can be used which can be registered automatically. 

For example, certain diseases lead to impedance variations caused among 
other things by displacement of K-, Na- and Cl-ions. They can be 
registered by especially developed electrical conductivity transducers 
which are integrated on the collection hoses resp. in the clawpieces of 
the milking cluster. 

During the milking process this parameter can be recorded automatically 
twice a day and used for the animal control. By means of conductivity 
measurements it is possible to register signals which are analyzed 
clearly and easily (5). 

The development of sensors suitable for general use in practice still 
causes difficulties. 

2.1.3. Pulse rate sensors 

Another parameter is the pulse rate which reacts very sensible to 
disorder of the organism. Maybe in times to come the pulse rate can be 
registered by a pulse rate sensor developed by Paul et al. (6). It is 
attached to the ear as a mark, Fig. 3. Main part of the sensor is an 
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Figure 3 . Pulse ra te sensor and example for the pulse r a t e . 
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infrared transducer consisting of an infrared light emitting diode and a 
receiver. By means of a filter function the time course of the pulse rate 
can be determined. 

2.1.4. Motion detector 

In general cows in oestrus show a clearly different activity behaviour 
than cows not in oestrus. It is possible to register such changes with a 
pedometer attached to the pastern-joints of the extremities. 

First measurements indicated that depending on the barn systems cows in 
oestrus showed up to twice as much activity than cows not in oestrus. 

3. Early detection of specific disease symptoms with the aid of different 
sensors 

The tests proved so far that pathological changes as well as the optimal 
time of conception can be detected earlier by automatic measurements of 
the milk temperature than by visual control of the animals by the milking 
staff. Although this does not allow a differentiated recognition of 
certain disease symptoms. This should be the future aim of our research 
work. 

Therefore it was necessary to identify further physiological parameters 
suitable as an indicator resp. to test suitability of the respective 
sensors. Therefore tests were conducted aiming at an early detection of 
udder inflammations/ metabolic disorder and the optimal time of 
conception. 

3.1. Early detection of subclinical mastitis 

By an early indication of these disease symptoms - if possible in a 
subclinical stage - an early therapy can be started. By this a remarkable 
saving of expenses could be achieved; a decrease of milk yield avoided 
and not repairable animal damages could be reduced to a minimum. 

In certain tests udder inflammation was provoked by experiment at a fixed 
date by an intra cisternal application of a germ suspension (Strept. 
uberis) in one udder quarter of the test animals. The purpose was to find 
out the time and the intensity with which the parameters reacted on this 
application. Milk temperature, electrical conductivity, milk yield as 
well as feed and water consumption were automatically recorded. 

To prove udder irritations the cell content of the milk was measured 
continuously. Immediately after the test started the cell content in the 
infected udder quarters increased, Fig. 4. A sudden increase of the 
electrical conductitity was also registered. This conductivity settled 
after a short period and remained on a higher level (up to 7.2 mS/cm). 

After the application of the germ suspension the milk yield dicreased by 
approximately 5 kg. 

The fat content of the milk increased by ca. 1.4 percent from 4.0 to 5.4 
as expected. During the following days of the test with an increase of 
the milk yield the fat content normalized to the values which were 
measured before the test started. 
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Figure 4. Computer aided monitoring of mastitis. 

The water- and feed consumption showed no significant differences. 

These results proved that 
- the electrical conductivity of the milk, 
- the milk temperature and 
- the milk yield 
can be used as suitable detection parameters for udder inflammations 
(11). 

It is still difficult to determine the thresholds for these values which 
are able to indicate clearly this disease. Individual differences in 
electrical conductivity between 4.8 and 6.0 mS/cm were measured at 
healthy animals. This is due to a specie and animal specific variability. 

If a comparison is made between each single udder quarter different 
values of more than 0.6 mS/cm in one quarter prove a pathological udder 
damage. This is true for milk temperature, too. 

It is not possible to determine a threshold because of individual 
deviations of each animal. But an absolute difference in temperature 
during two following milking times suggest abnormal conditions. 

Assuming an anavoidable error of the sensor of 0.2° C and a normal 
physiological variation of the animals of 0.2° G a difference value of 
more than 0.4° C compared to the normal values can be taken as proof for 
pathological changes. 

Because of animal individual daily variations it is not possible to 
define a precise threshold for milk yield. It has to be respected as an 
additional indicator. 
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3.4. Early detection of metabolic diseases 

Clinical and subclinical ketose are the main metabolic diseases of milk 
cows in countries with highly developed cattle breeding. The reason is a 
complex malfunction of different connected metabolic ways. 

The most frequent feeding mistakes identified in case of ketose are (2): 
- energetic underfeeding 
- unfavorable combination of the kind of feed and 
- dispensation of ketogenic feed. 

Within the computer aided animal control stress was applied by oral 
application of ketogenic agents to investigate metabolic reactions. In 
three days running a dose of respectively 250 ml butyric acid dissolved 
in 10 1 water was dispensed by a nose gullet probe to a group of 12 SB-
cows who were post partum within 57 days. 

During the preliminary stage of 3 days; the application stage of 3 days 
and an observation stage of 7 days the parameters 
- roughage and concentrate intake, 
- milk yield, 
- live weight, 
- agents of the milk content, 
- electrical conductivity and / 
- milk temperature 
were registerd automatically and compared between the therapy and control 
group. 

The following results were obtained, Pig. 5: 
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1. The intake of roughage and concentrate feed decreased during the stage 
of observation. 
2. The milk yield decreased by ca. 7 kg until the 7. day of the test and 
normalized after that, Fig. 6. This result is identical with the 
conclusions of Röhrmoser et al. (8). 
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Figure 6. Milk yield and live weight of 
metabolic diseases. 

3. Already during the stage of application the live weight showed a 
significant decrease of ca. 5 % from 570 to 540 kg. 
4. No abnormal changes of the milk temperature could be measured. 
5. During the period of the test the values of the electrical 
conductivity increased by more than 0.5 mS/cm. 

Metabolic diseases were produced by an application of butyric acid which 
changed the concentration of some parameters of the milk and was proved 
by a computer aided animal control. 

To prove metabolic diseases the following parameters are suitable: 
- food consumption/ 
- milk yield/ 
- live weight and 
- electrical conductivity. 
To prove the validity and the reproduction of the change of these 
parameters more tests are necessary to clarify if the results obtained by 
application of butyric acid are transferable to animals fed with 
perishable silage fodder. 
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3.5. Oestrus control by recording several parameters in simultaneous 
consideration of a special evaluation program 

Possibilities for a computer aided oestrus detection were tested by 
continuous automatic recording. The oestrus synchronization of the 
animals was produced at a fixed date (7). As all the oestrus symptoms 
depend in their intensity on the quantity of produced progesterone this 
parameter was included as a comparative value and for the description of 
the oestrus time and course. The tests were carried out both in the tied 
stall barn and the free stall barn. 

3.5.1. Selection of suitable parameters 

The following; automatically recorded parameters reacted clearly during 
the oestrus: 
No matter what kind of barn system the milk temperature showed an average 
increase of 0.1 to 0,4 K above the mean value of the total cycle on the 
oestrus day. A rise in temperature» however, could only be observed in 40 
to 50 % of all animals whereas up to 90 % of the animals in the free 
stall barn showed clear increase in temperature. This parameter alone is 
not sufficient for the oestrus diagnosis because many factors have an 
effect on the milk temperature. Concerning the other parameters recorded 
by the milk only the fat content of the milk indicated certain reactions 
while the electrical conductivity gave no indications of the oestrus and 
the feed intake only in a few cases. 

The tests on the frequency of steps have shown that the anyhow 
constricted number of steps in the tied stall barn only increased by 10 
to 14 % during the oestrus whereas the normally higher rate in the free 
stall barn (7,300 steps per day) doubled during the oestrus, Fig. 7. 

14 000 

12 d H 

Figure 7. Number of steps per day during oestrus cycle. 

For the oestrus diagnosis the number of steps in the tied stall barn is 
not suitable as a parameter of the animal behaviour so that in this barn 
system the pulse rate is recorded additionally by an ear mounted sensor. 
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It was found out that caused by the oestrus the absolute pulse rate per 
minute rises from the mean daily rate by about 7 % from 68.5 to 73.5 
1/minute and that simultaneously the number of interruptions of the rest 
period at night increases from about 3.5 to 5.0. According to the t-
statistics the two parameters indicated highly significant the oestrus. 

Both the electrical conductivity intra vaginam and the pH-value intra 
vaginam turned out to be suitable parameters although the automatic 
recording is not yet possible. 

3.5.2. Evaluation of the oestrus parameters with an elimination analysis 

The consideration of one single parameter only leads to a higher 
percentage of wrong oestrus diagnosis. To reduce these wrong positive 
indications an elimination analysis is suggested using the parameters 
"milk temperature", "number of steps" (in the free stall barn), "milk 
yield" and "feed intake". The parameter "electrical conductivity of milk" 
serves to distinguish between reactions conditional on oestrus and 
diseases. This is demonstrated in Fig. 8 by example of the free stall 
barn. By observing the frequency of steps only a high quota of knowledge 
is achieved but the error rate reaches 60 % and therefore is aot 
acceptable for practical purpose. 
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More than 80 % of all the oestrus cases can be diagnosed with the help of 
a suitable statistical combination of the variables and at the same time 
the error rate is reduced to ca. 20 %. By using the model described above 
the success rate increases by 50 % compared with the conventional oestrus 
detection. The rate of false oestrus diagnosis is only half as high. 
Similar results were achieved in' the tied stall barn. 

4. Evaluations for the computer aided methods for early diagnosis of 
disease and oestrus symptoms 

Due to the present results about the possibilities of an automated 
measurement recording of physiological parameters by means of computer 
aided systems for early diagnosis of pathological disturbances and 
oestrus control the following conclusions can be made: 
1. Differentiated statements about certain diseases resp. the time of 
oestrus are only possible by continuous measurements of various 
parameters. Selective measurements of a single or several parameters do 
not give sufficient information. 
2. To improve the health and oestrus control the simultaneous recording 
of the following parameters, Table 1, is sensible. 
3. For health and oestrus control a program on the basis of an analysis 
by elimination is proposed for the evaluation of the data. The aim is a 
success rate of more than 90 % and an error rate of less than 10 %. 

Table 1. Suitable parameters for health and oestrus control. 

udder inflammation: - electrical conductivity 
- milk temperature 
- milk yield 

(fat content of milk) 

metabolic disorder: - live weight 
- milk yield 

(fat content of milk) 
- feed consumption 

Oestrus control in the 

- free stall barn: - frequency of steps 
- milk temperature 
- milk yield 
- electrical conductivity of milk 

- tied stall barn: - milk temperature 
- frequency of steps 
- milk yield 
- pulse rate 
- electrical conductivity of milk 
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