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It follows from the above analyses and their results that the studied
mechanical properties were most affected by the type of the cleaning agent
and considerably less by the type of the liner. The values of liner hardness
after swelling in given detergents and disinfectants in laboratory and in
milking parlour were compared, and its values don’t corresponding to
the milking plant usage.

The number of CPM after main cleaning is very good in both cases, and
the number of CPM in raw milk rise over 100000 in two cases, therefore
the water quality were really bad (see Figure 2).

The study was financed by the Project MSM 432100001. Acknowledgement
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The most represented trend is characterized by construction of milking
unit, quality of used materials increase of transport ways with an aim of
vacuum stability and with high volume exploitation of microelectronic
and computers for management of milking and also automatic capture of
data.

The most remarkable trend were achieved in the development of milking
robots (AMS – Automatic Milking System).

Key words: Milking units, stimulation, milking parameters, automatization,
robotization.

Milking is one of the most important and demanding working operations
in dairy cows breeding. It is a complex biological-technological process in
which four factors are active: man - dairy cow – machine – environment
(Kovác, Š., 1996).

In recent years, the development of milking equipment has continued
intensively. Considerable attention has been paid to constructional and
technological improvement, quality of materials being used, to design,
functionality, technical parameters of milking process automatization
(Dolezal, O. et al., 2000) and robotization (Kic, P. and Nehasilová, P., 1997;
Vegricht, J., 1999).

The aim of the latest knowledge and trends in the development of milking
equipment has been to reduce the needs of man power, to optimize milking
process and achieve data required for dairy cows breeding management.

The latest knowledge and trends in the
development of milking systems

Š. Kovác, J. Lobotka, I. Karas & R. Gálik

Katedra Mechanizácie Zivocíšnej a potravinárskej výroby,
Mechanizacná Fakulta, Slovenská Polnohospodárska Univerzita,

Kalvária 3, 949 76 Nitra, Slovak Republic
E-mail: s.kovac@mech.uniag.sk
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Trends in milking equipment

The final objective of this development is to fully exclude a man from
milking process by exploiting AMS (Automatic Milking System).

Among an important operating step belongs preparation of a diary cow
(mammary gland) before the milking process itself. A fully value
stimulation of mammary gland is important for achieving the highest
milking intensity possible, reducing the total milking time and achieving
full stripping of a cow.

The vibration stimulation is convenient for a quick starting of milk and
smooth milking.
The principle of the matter is that at the beginning of milking process
pulsation frequency is significantly increased (up to 200 pulses per minute),
with actual change of pulsation ratio being 60 : 40 or 70 : 30.

The automatic stimulation is recommended in cows which are milked hard
and in those being at the end of lactation period.

By changing dimensional and constructional parameters there is a tendency
to decrease nominal value of vacuum from 50 to 45 – 42 kPa (even company
AGMECO has been using vacuum 35 kPa).

Simultaneously by decreasing nominal value of vacuum to improve
vacuum stability and milk flow velocity results in increased socket and
hose diameters (in a short rubber milk hose from 10 to 14 mm, in long
rubber milk hose from 16 to 18 mm, the volume of milk claw from the
value of 120 – 150 cm3 to 300 to 500 cm3).

An important functional part of milking device is a rubber teat. The
standard cylinder shape is replaced by the conical. It is extended an offer
for silicone teat rubbers which are distinguished by better surface quality
and a longer operating life.

For good milking process it is important that mammary gland should be
equally loaded by a milking set. Some manufactures apply an adjusting
arm which prevents the milking unit from twisting.

From the point of view of sparing milking extension of suction phase
(maximum for 65 to 70 % pulse time) is not recommend. As very important
is considered to keep a sufficient time of pressing providing teat massage.
High flows tend to prolong suction time by decreasing pulsation rate.

World producers pay a great attention to automation of milking process,
to automatic data collection which is based on a systematic monitoring of
dairy cows, by measuring physiological parameters chosen (body
temperature, milking quantity, milk conductivity, milk colour, weight, pulse
frequency, feed conversion, motion activity, number of visits and the time
of their staying in a feeding box).
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In sanitation of milking equipment the development trends are aimed at
decreasing sanitation costs and multiple utilization of sanitation
preparations in relation to environment protection.

Research and AMS development (Automatic Milking System) of milking
robots has been under way in the world for more than 20 years.

Its goal is to reduce the need of man labour in milking, to remove the need
of a man being present during the milking, to provide dairy cows with a
possibility of choosing time to be milked, number of milking, what
contributes to increase performance (15 to 20 %) and improve the state of
health of mammary gland. Using the robot are automatically acquired the
data regarding the dairy cows´ state of health, by measuring conductivity,
temperature, milk colour and the quantity of milk taken as well as motion
activity of dairy cows.

Solutions being known so far differ in their concept chosen, in technical
solution of individual node elements, number of milking stands operated
by a single equipment and by technical solution of setting on teat cups.

According to a number of milking stands and their arrangement (AMS),
milking robots can be classified as folows:
1. One-place intended for milking in a single milking box.
2. Multi-place intended for milking in one to four boxes.

Setting on the teat cups of milking robots is solved:
a) Teat cups are caught up on a special holder and they are set on and

monitored individually.
b) Teat cups are caught up on an operating arm and set on jointly.

Dolezal, O. et al. 2000. Milk, milking, parlours. Praha: Agrospoj,
2000, 241 s.

Kic, P., Nehasilová, D. 1997. Milking robots and their influence on
the state health of mammary gland. In: Studijní Informace – Zemedelská
technika a stavby 2/97. Praha: ÚZPI, 1997, 75 s. ISBN 80-86153-32-0

Kovác, Š. 1996. Milking machine in Slovakia. In: Nové poznatky
v technologii výroby a zpracování mléka. Ceské Budejovice: Scientific
Pedagogical Publishing, 1996, s. 128-129.

Vegricht, J. 1999. Automated milking systems. In: Mechanizace
zemìdìlství – Trendy, 1999, c. 7, s. 4-9.
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Milking time studies and milk quality were carried out on 15 dairy ewes
from the breed line 05 (13/16 East Friesian sheep, 3/16 Polish Merinos)
and 14 meat white head ewes. This experiment concerned only ewes, which
milk fed their lambs for two months and which had a healthy udder. Ewes
were milked mechanically in a 14 Westfalia milking parlor stands with a
set of 6 milking units.

The time from the first udder stimulation to milking unit attachment, milk
flow time from each half of the udder, machine stripping, overmilking,
total milking time and the time from the first stimulation of the udder to
unit detachment were recorded for three consecutive days during morning
milking. On the 75th day of lactation of both breeds of ewes, milk samples
were taken from each half of the udder. Milk components and somatic cell
counts were determined using Milkoscan and Fossomatic 90 respectively.

No significant differences were observed in milking variables of both
breeds. The breed of sheep did not have a significant effect on milk
components and somatic cell counts, however the protein percentage
content of milk from the left half of the udder was influenced (P≤0.05).

Key words: Ewes, breed, milking course, milk components.

Dairy use of sheep can be cost effective in the low regions of Poland.
However the high milking potential of ewes and the appliance of methods
that unable to increase commercial milk production are the factors that
decide about it. In such herds, lambing is conducted in different times in
order to insure a continuous milk production throughout the year (Wazna
and Gut, 2000). Ovine milk quality depends mainly from the udder health
(Olechnowicz and Steppa, 2000) on what the milking technique has a great
effect (Romeo et al., 1996; Bruckmaier et al., 1997).

Milking and milk quality
in two breeds of sheep

J. Olechnowicz & H. Turki

Veterinarian Department, Agricultural University of Poznan,
52 Wojska Polskiego street, 60-625 Poznan, Poland
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Milk quality in two sheep breeds

The purpose of this investigation was to establish the elementary milking
activities in sheep as well as to evaluate milk quality in relation to milking
parameters.

Milking time studies and milk quality were carried out on 15 dairy ewes
from the breed line 05 (13/16 East Friesian sheep, 3/16 Polish Merinos)
and 14 meat white head ewes in the experimental farm in Zlotnik (Poland)
that belongs to the Agricultural University of Poznan in the year 2000.
Ewes of both groups were qualified to milking after they milk-fed their
lambs for two months and had clinically healthy udders. Ewes were milked
mechanically in a 14 Westfalia milking parlor stands with a set of 6 milking
units. The time from the first udder stimulation to milking unit attachment,
milk flow time from each half of the udder, machine stripping, overmilking,
total milking time and the time from the first stimulation of the udder to
unit detachment were recorded for three consecutive days during morning
milking. On the 75th day of lactation (mid April) of both breeds of ewes,
milk samples were taken from each half of the udder. Milk components
and somatic cell counts were determined using Milkoscan and Fossomatic
90 respectively.

For statistical evaluations STATISTICA 97 software was used. The sheep
breed (dairy and meat), lactation (1,2,3 and further) and overmilking ranges
(0-100; 101-180 and > 180 sec.) were taken into consideration in this analysis
Means difference between groups were tested for significance Duncan’s
Test. Results are presented in tables as means ± SD.

Material and
methods

Table 1. Milking parameters of dairy and meat breed ewes in seconds.

Milk flow Overmilking

Sheep
breed

Left Right Left Right Machine
stripping

Total
milking

time

From udder
stimulation to
milking unit
detachment

Dairy 61 ± 23 62 ±19 182 ± 61 181 ± 67 35 ±14 246 ±52 552 ± 157
Meat 66 ± 22 69 ± 18 163 ± 66 159 ± 61 40 ± 37 242 ± 63 512 ± 148
Breed
effect

NS NS NS NS NS NS NS

Lactation
effect

X NS NS NS NS NS NS

X-significant at P≤0.05.
NS-not significant.
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Table 2. Milk components and somatic cell counts in relation to the sheep breed.

Milk components (%)
Fat Protein Lactose Dry matter Ln SCCSheep

breed
Number
of ewes Left Right Left Right Left Right Left Right Left Right

Dairy
ewes

15 3.36±0.83 3.32±0.98 5.39±0.39a 5.58±0.51 5.29±0.85 5.50±0.27 14.68±1.22 15.10±1.26 12.23±1.98 11.80±1.73

Meat
ewes

14 3.40±0.98 3.57±1.07 5.90±0.40a 5.84±0.37 5.39±.015 5.43±0.14 15.38±1.07 15.54±1.16 12.36±1.51 12.08±1.32

Breed effect NS NS X NS NS NS NS NS NS NS
Lactation effect NS NS NS NS NS NS NS NS NS NS
Overmilking effect X NS NS NS NS NS NS NS NS NS

Marks as in table 1
a- means significant at P≤0.05
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No significant differences were observed in the milking parameters in both
breeds (Table 1). Almost all the parameters related to milking did not
depend either on the number of lactation. Bruckmaier et al., (1997) found
that the time of machine stripping in all lactations in dairy ewes Lacune
breed and Ostfriesian breed was 37 sec. and 52 sec. respectively, however
total milking time respectively was 144 and 211 sec.

A long overmilking time of 180 sec for dairy ewes and of 160 sec. for the
meat breed did not have a significant effect on milk components and on
somatic cell counts (Table 2) . The only significant difference (P≤0.05) was
observed for milk protein content in the left halves of the udder between
the two breeds (5.58 and 5.84 %).

Bruckmaier R.M., Paul G., Mayer H., Schams D.1997. Machine
milking of Ostfriesian and Lacaune dairy sheep: udder anatomy, milk
ejection and milking characteristics. J. Dairy Res. 64: 163-172.

Olechnowicz J., Steppa R. 2000. Wplyw stanu zdrowotnego
gruczolów mlekowych na jakosc mleka owczego. Rocz. nauk Zoot., Supl.,
z.6: 269-273.

Romeo M., Esnal A., Contreras A., Aduriz J.J., Gonzales L.,
Marco J.C. 1996. Evolution of milk somatic cell counts along the lactation
period in sheep of the Latxa breed. Proceedings of an International
Symposium: on Somatic cells and milk of small ruminants. Bella, Italy.

Results and
discussion
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It is essential for Poland, in her attempts to become a full member of the
European Union, to take appropriate steps to be well prepared for sanitary
requirements in force in this organisation. This also refers to dairy industry
whose raw material varies widely with regard to its hygiene quality.
Farmers, who are the main suppliers of milk raw material, have a special
role to play in ensuring its appropriate hygiene quality.

Good conditions existing on the marketplace for dairy products affect the
profitability of milk production in agricultural farms and decisions taken
by farmers associated with their long-term planning of the size of dairy
cattle herds as well as the improvement of technical conditions for dairy
rearing and milk production. Opinions on milk quality tend to alter with
the development of milk processing and our knowledge in the field of
nutrition (Nowakowski 1996).

The maintenance of high quality in the chain of milk production, storage,
transport, processing and distribution is the major prerequisite to be
fulfilled in the course of manufacturing of the highest quality milk articles.
These are the requirements of modern dairy processing markets and
markets of dairy products distribution. Low milk shelf life as a raw material
and potential changes affected by various factors make it necessary to
maintain particular caution during milking, transport and processing.

The objective of the investigations was the assessment of milk quality
collected from individual farmers to be used by dairy industry. The
experiments were carried out in the former Sieradz Voivodeship in the
area covered by the activities of Wielun Dairy Cooperative. The study was
supported by the PHARE fund secured in the result of an earlier decision
of the EU Commission, which decided to support transformations taking
place in Poland and Hungary with a special non-repayable assistance fund.
The investigations comprised 76 farms specialising in milk production in
which the assessment of technical condition of milking equipment and
milk quality was conducted.

Effect of some selected operations
connected with machine milking on

the quality of milk raw material

M. Lipinski, Z. Liszton-Gala & Z. Gala

Institute of Agricultural Engineering,
Agricultural University of Poznan, Poland

Introduction

Research



238
Conference on "Physiological and technical

aspects of machine milking"

Effect of treatments on quality

The evaluation of the technical equipment included:
• Measurements of the negative pressure;
• Errors in vacuometer readings;
• Pump output;
• Perviousness of pipes and valves;
• Valve leakage;
• Air consumption by milking machines;
• Stress of teat rubbers;
• Tests of pulsators;
• Evaluation of washing and disinfection of equipment;
• Quality of milk cooling.

A very simple point test was applied to evaluate the work quality of milking
machines. The test consisted of eight characteristic features from the field
of milking machines understood by all milk producers. One point was
awarded for each positive result, i.e. whenever the machine met the
appropriate ISO or factory standard. No point was awarded when the
assessment was negative. The following parameters were assessed:
• Negative pressure;
• Vacuometer error;
• Pump output;
• Pipe leakage;
• Output reserve,
• Difference in negative pressure;
• Valve leakage;
• Air consumption by all milking machines.

       Total of 8 points.

It is evident from the performed investigations (Table 1) that out of the
examined 76 farms, only 50 reached the maximum number of points. The
lowest score of 3 points occurred only in one farm.

Table 1. Point score of some selected parameters of milking machine.

No Number of farms Score
1 30 8
2 15 7
3 5 6
4 2 5
5 3 4
6 1 3
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Milk hygiene quality was estimated after collecting milk samples of  250-300
ml at the purchase point, which were then delivered, to the Dairy
Cooperative laboratory in containers cooled by ice. The following quality
parameters were determined:

• Total number of micro organisms;
• Coliform count;
• Whiteside test;
• Milk acidity;
• Milk density.

The performed investigations showed that:
• none of the examined farms fulfilled standards of milk raw material

required for milk extra class;
• 12 % of milk producers delivered milk whose quality allowed its

classification to class I;
• 24% of milk producers delivered milk classified as class II;
• 64% of milk producers delivered milk classified as class III.

The most frequent source of contamination of raw milk with bacteria was
poorly washed and disinfected equipment for machine milking.
Approximately 90% of bacteria in raw milk derived from milking
equipment and only 10% from other sources such as mastitis or airborne
bacteria. In unwashed or poorly washed equipment used for
machine-milking, bacteria adjust to such environment and multiply very
rapidly between milkings and later quickly contaminate freshly obtained
milk.

Therefore, effective washing and disinfection of milking machines is
essential if farmers want to maintain the number of bacteria in milk at a
low level. In addition, it helps to reduce the danger of transferring
microorganisms, which cause udder diseases. The performed
investigations showed that the majority of milk suppliers washed and
disinfected their milking machines properly and only in 14 dairy farms
parts of milking machines were found to have been washed poorly.

The performed investigations also evaluated milking techniques, i.e. such
activities as:
• udder training;
• pre-milking;
• hand stripping;
• machine stripping with udder training.

 It is well known that udder training causes irritation of nerve ends sensitive
to touch. They receive outside stimuli and transmit them to the central
nervous system from which signals are sent to the udder stimulating milk
secretion. When teat cups are mounted onto non-stimulated teats, then
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they are sucked deep into cups. This leads to a premature closure of the
outlet of the teat cistern into the teat canal and hence to more milk being
left in the udder which may result in mastitis (Winnicki, 1995).

The proper milking begins with pre-milking, which prevents mixing of
the milk from teats, and the teat cistern left from the previous milking
with milk practically free from micro organisms coming from milk bearing
ducts and secretion tissues.

In order to perform mechanical milking dry, it is necessary to load the
milking machine with one hand and train the udder with the other. As a
rule, if machine stripping is performed quickly and efficiently, hand
stripping is not necessary.

The performed investigations showed that;
• udder training was used at 60% of farms;
• pre-milking was used at 40% of farms;
• hand milking dry was used at 36% of farms;
• machine stripping with udder training was used at 39% of farms.

From the point of view of milk technological suitability as a raw material
delivered to a dairy plant, its chilling and transport are also very important.
According to current purchase standards, milk can be accepted for
processing at the dairy plant if its temperature does nor exceed 8 o C. As it
is well known, the temperature of milk directly after milking ranges from
25-30 oC. At this temperature, the speed of bacteria multiplication in milk
is so rapid that their numbers double every 25 minutes (Janicki, 1996). The
most common cooling systems among the examined farms were basin
coolers (52% farms), while the remaining 48% of farms used can coolers.

Polish standards [PN 1992] indicate that the final temperature of cooled
milk from the evening milking should not exceed 4oC, while that from the
morning milking - 10 oC. This difference in the required milk temperature
is associated with the time the obtained milk must stay on the farm. In the
case of evening milking, this period amounts to approximately 14 hours,
while in the case of morning milking – only about 2 hours. According to
the above-mentioned standard, the cooling time to the temperature of 10 oC
should not be longer than 2 hours. Farms equipped in basin milk coolers
fulfilled the requirements of the PN standard, while those, which had only
can coolers were capable of cooling their milk to the temperature of 15 oC.
Average distance of the examined farms from purchase points was 1.97 km
and 43% of the dairy farms delivered their milk to purchase points using
their own transport and the remaining producers used services of haulage
firms.
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1. The technical and hygiene conditions of components of milking
machines in the examined farms situated in the area of operation of the
Dairy Cooperative in Wielun was found satisfactory.

2. The majority of the examined dairy farms did not carry out treatments
associated with pre-milking and hand and mechanical stripping. Only
60% of the examined farms conducted udder training.

3. The milk cooling conditions found on the examined farms as well as its
transport to purchase points was evaluated as unsatisfactory.

Janicki A. 1996:  Jakosc i sklad mleka surowego a wymagania i
przydatnosc przetwórcza mleka. FSM Warszawa

Nowakowski S. 1996:  Nowa norma oceny mleka surowego w Polsce.
Produkcja mleka wysokiej jakosci. FSM Warszawa

Polskie Normy  1992:  Instalacja dojarek mechanicznych. Wymagania
konstrukcyjne i charakterystyki techniczne.  92/R – 36603

Winnicki S.  1995:  Zapalenie wymienia a wydajnosc i jakosc mleka.
Uwarunkowania produkcji mleka wysokiej jakosci. FAPA Kraków
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The objective of the study was to measure the effect of wide-bore and
narrow-bore milking principles on bovine teat condition and milking
performance over a complete lactation. Teat-end hyperkeratosis (T.H), teat
colour and teat textures are indicators of teat condition and were used to
evaluate the effectiveness of the milking principles. Cows (n = 56) were
milked as one herd with all milking units removed at a milk flow-rate of
0.2 kg/min. There was no significant difference shown in teat condition
between the two milking principles. TH scores increased with stage of
lactation, for front teats as compared to rear teats and where post-milking
teat-disinfectant was applied. Differences in machine yield were recorded
between the two milking principles at the AM milking. Where teat
condition is used to evaluate different milking systems, the time of cluster
removal should be controlled before accurate comparison can be made.

Key words: Teat hyperkeratosis, machine milking, liner type.

Maximum milk yield and reduced liner slip levels can be achieved using
heavy clusters and wide-bore tapered liners (O’Callaghan,1989). An
alternate milking principle incorporates a light cluster weight and
narrow-bore liners. A survey of milking machines by Hillerton et al., 1998
showed poor teat condition where machines used the wide-bore liner
milking system. Teat-end hyperkeratosis (TH) is a commonly observed
condition in dairy cows and can result from mechanical damage from
machine milking (Sieber, 1980). Wide-bore tapered liners with
simultaneous pulsation give higher levels of milking vacuum than narrow
bore liners with alternate pulsation (O’Callaghan and Gleeson, 1999). The
objective of this study was to measure the effect of these vacuum conditions
on teat condition and milking performance over a full lactation using two
cluster types.

The effect of two milking systems on
bovine teat condition

D.E. Gleeson & E. O’Callaghan

Teagasc, Dairy Production Department, Moorepark Research Centre,
Fermoy, Co. Cork, Ireland

E-mail:davidgleeson@eircom.net

Summary

Introduction



244
Conference on "Physiological and technical

aspects of machine milking"

Effect of two milking systems on teat

Autumn calving Friesian type dairy cows (n = 56), were assigned post
calving to two milking treatments. Treatment 1 consisted of a heavy cluster
weight (3.20 -kg) with a claw volume of 150 ml, wide bore tapered liners
(31.6 mm –21.0 mm) and used simultaneous pulsation. Treatment 2
consisted of a light cluster weight (1.65 -kg) with a claw volume of 275 ml,
narrow–bore liners (25.0 mm – 20.0 mm) and alternate pulsation. Cows
were milked in a 14-unit swing-over side by side milking parlour, with
the milk elevated into a 60 mm milk-line 1.4 m above the cow standing.
The clusters were removed automatically when the milk-flow rate dropped
to 0.2 -kg/min. The AM and PM milking interval was 18 and 6 hrs
respectively. Teats were washed with running water and dried with paper
towels before cluster application. Milk production (kg), milking time
kg/min and peak milk flow-rate was recorded daily. A Chlorohexidine
teat disinfectant was applied post milking to right-sided teats and left-
sided teats were left untreated.

Teats were scored for hyperkeratosis (TH) using five classifications scores
(0=normal, 1=slightly raised smooth or broken ring, 2=moderate raised
smooth or broken ring, 3=large smooth or broken ring, 4=extreme broken
ring). Teat classification was carried out monthly after PM milking by the
author using a miner’s headlamp and a personal organiser to store data.

Machine milking can cause short-term changes in teat hardness and colour.
Teats generally have a pink colour after milking, but some teats become
reddened or blue. One operator unfamiliar with the milking treatments,
classified teat barrels for teat texture by manual palpation and teat colour
by visual assessment. The teats were scored for texture as soft, firm or
rough. All cows teats were examined twice on consecutive days during
mid lactation, and teats were classified within one minute of cluster
removal. Statistical analyses were done using a Kruskal-Wallis one way
analysis of variance test to compare teat scores between treatments. Teat
score comparisons were also made for front and hind teats using the
Wilcoxon matched pairs test.

There was no significant difference in TH scores for the two treatments at
each month of classification or over the complete lactation (Figure1).
TH increased with stage of lactation and was higher for front teats as
compared to rear teats. TH was significantly higher for right-sided teats
as compared to left-sided teats. An increased prevalence of TH has been
reported to occur in dairy cattle during winter months particularly during
cold weather (Timms, et al., 1997). Weather changes during the autumn/
winter-milking period and wet teats due to teat-dip application, may
explain the higher TH scores recorded with right-sided teats. The
percentage of teats classified as soft, firm or rough and with pink or red
colour are presented in table 1. The number of pink and reddened teats is
presented as a percentage of light coloured teats. There was no difference

Materials and
methods

Teat
hyperkeratosis,
teat texture and
colour

Results and
discussion
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shown in teat texture or colour between milking treatments. Teat colour
changes shown in previous studies were probably more related to
over-milking rather than the teat-cup liner type used. The percentage of
teats classified as soft was 19% and 47 % and rough was 34 % and 11 % for
front and rear teats respectively. The poor teat texture found with front
teats is probably due to some level of over-milking with front teats as
compared to rear teats. Right-sided teats showed had higher percentage
soft teats (43% v 24%) as compared to left-sided teats. The post milking
disinfectant used on right-sided teats contained high levels of emollients
and this may explain the better teat texture shown with these teats. The
mean total lactation milk yields recorded were 5 465 kg and 5 267 kg for
Treatments 1 and 2, respectively. Treatment 1 gave 5.2% and 0.5% higher
milk yields at the AM and PM milking respectively, as compared to
Treatment 2. The peak milk flow-rate was 3.6 and 3.2 kg/min at AM and
PM respectively for both milking treatments. Peak milk flow-rate was
higher for T1 during the 1st twelve weeks of lactation and for T2 during
the last 12 weeks of lactation.
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Figure 1. Monthly teat-end scores for two milking systems.

Table 1. Effect of milking treatment and teat position on teat texture and teat.

Teat texture Teat colour
Soft % Firm % Rough % pink % Red %

T1 34 45 20 78 22
T2 32 44 24 73 27
Front Teats 19 47 34 78 22
Rear Teats 47 42 11 82 18
Right sided Teats 43 38 18 83 17
Left sided Teats 24 51 26 76 24



246
Conference on "Physiological and technical

aspects of machine milking"

Effect of two milking systems on teat

Milking systems with different levels of milking vacuum gave the same
level of TH, colour and texture. This study unlike other studies compared
milking systems under the same milking and herd management over a
complete lactation. Differences in teat condition were shown where
post-milking disinfecting was omitted, with front teats as compared to
rear teats and stage of lactation. When teat condition is used to evaluate
milking systems, stage of cluster removal, lactation days and post-milking
disinfection should be considered. Machine yield and peak milk flow-rate
obtained with specific types of milking units is effected by the magnitude
of the milk yield per cow per milking.

Hillerton, J.E., I. Ohnstad, & J.Bainnes,1998; Relationship of cluster
performance to post milking teat condition. Proceedings of 37th Annual
Meeting, National Mastitis Conference, 25th-28th January 1998, St Louis,
USA,  75-84.

O’Callaghan, E.J., 1989; Measurement of cluster stability and its
relationship to liner design and physical setting of the milking machine.
Ph.D. Thesis, National University of Ireland, pp. 169.

O’Callaghan, E.J., & D.E. Gleeson, 1999; Measurement of vacuum
stability in milking units during simulated milking. Irish Journal of
Agricultural and Food Research, Vol. 38: 2, 272.

Sieber, M.F.H., 1980; The relationship of bovine teat end lesions to
mastitis and machine milking.  Proceedings. of the International Congress
on Cattle Diseases, 20th - 23rd October, 1980, Tel Aviv, Israel, 189-199.

Timms, L.L., M. Ackermann, & M.Kehrli, 1997; Characterization of
teat end lesions observed on dairy cows during winter. Proceedings of
36th National Mastitis Council, 16th-19th February, 1997, 204.

Conclusions

References



247

Tongel & Mihina

ICAR Technical Series - No 7

On the basis of our previous experiments a mathematical model was
created which enables to trace the influence of ill cows on the total milk
quality of produced milk (Tongel and Mihina, 2000).

The model is represented with mathematical equation, which can model a
situation when more cows with mastitis in various stage of illness are in
the various herd size. For the purpose of the faster and easier evaluation
of effect of ill cows on BTSCC a normogram was created .

At present we use the model for managing of produced milk quality on
the farm where the model was experimentally tested in practice.

A herd of 423 dairy cows was monitored on mastitis by means of the
electrical conductivity (EC) measurement of the milk (Tongel et al., 1994)
in our experiment . For this purpose we used the REM test (Rapid electronic
mastitis test) (Tongel and Mihina, 1995). After all cows had been monitored
for three times, we split them into two groups. In the first group there
were placed all cows that did not show any signs of mastitis (the differences
of EC between quarters were in tolerance). In the second one were cows
that had some problems in one or more quarters. There were 167 cows in
the first group and 256 in the second one.

When cows from the first group were milked only, the BTSCC was under
45 000 in average. Milking first and second group together resulted in
BTSCC 653 000.

Because the farm needed to deliver milk in Q class quality (SCC less than
300 000) to cancel previous bad quality results we decided to discard milk
from all cows with mastitis in two and more quarters. These cows were 35.
After the discarding the resulting BTSCC was 427 000.

Managing the quality of milk by means of
mastitis monitoring

P. Tongel & S. Mihina

Research Institute for Animal Production,
Hlohovska 2, 949 01 Nitra, Slovak Republic

E-mail: tongel@vuzv.sk
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Milk quality and mastitis monitoring

Because it was not enough for our purpose, another 30 cows with mastitis
in one quarter of the udder were separated (they were cows which have
the highest difference of EC in ill quarter opposite the quarter with the
nearest value of EC of the examined cow). The resultant BTSCC after the
separation was 275 000.

From previous experiment (Tongel and Mihina, 1999) we knew that it is
uneconomical and not needed to separate all milk from cows with one
mastitis quarter. That was why we tried to separate milk from ill quarters
only. The result of this was SCC 293 000.

At the end it is possible to say that the model have shown to be a very
effective one for managing of produced milk quality, but it must be
mentioned that for the purpose of separation of milk from ill cows
(quarters) it is very suitable to make us sure that the quarters with high
EC have really high SSC because only about 80% of cows with the highest
difference of EC have the highest SCC, too (Tongel and Mihina, 1998).
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The laboratory for milk quality of Research Institute for Animal Production
(RIAP) as a member of ICAR Reference Laboratory Network every year
takes part in Interlaboratory proficiency studies, also called international
ring tests, with determination of fat, protein, lactose and somatic cell
counting. Improving analytical practice shows the last differences between
reference mean and laboratory mean (∆), which are for every method not
higher than 0.5 g/kg for milk composition and 20x103/ml for somatic cells
count.

Key words: Milk, analysis, interlaboratory study

The laboratory for milk quality of Research Institute for Animal Production
(RIAP) as a member of ICAR Reference Laboratory Network every year
takes part in Interlaboratory proficiency studies, also called international
ring tests. This laboratory works as a national ring test organiser and
reference material supplier since it has been authorised as a master
laboratory for centralised calibration of infrared milk analysers by
Ministerium of Agriculture of Slovakia.

ICAR (International Committee for Animal Recording) laboratory network
was created in 1996 and from this year the number of members has grown
up to 33 from 28 countries. The participation in interlaboratory study
programme is the occasion to favour and generalise good analytical
practices. International network constitutes an effective tool to develop
Quality Assurance and harmonise analytical practices in milk recording
laboratories.

Participation of Research Institute for
Animal Production Nitra in the

interlaboratory proficiency studies of ICAR

K. Kirchnerová & V. Foltys

Research Institute for Animal Production, Hlohovská 2,
949 92 Nitra, Slovakia

E-mail: kvalita@vuzv.sk
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Nitra in ICAR interlaboratory studies

Since 1996, two interlaboratory studies have been carried out each year.
They are organised by the French organisation CECALAIT (Centre d‘Étude
et de Controle des Analyses en Industrie Laitiére) that operates under the
umbrella of ICAR. During the past ten years CECALAIT, as an association
of dairy laboratories, has developed and offered dairy laboratories services
to optimise their performance and help in improving their quality systems.

Material and
methods

Table 1 Statistical treatment of the results concerning proficiency interlaboratory
study.

Fat (g/kg) Protein (g/kg)
Limit IDF RIAP lab. RIAP lab. Limit IDF RIAP lab. RIAP lab.

3/2000 9/2000 3/2000 9/2000
∆ -1.67 0.457 0.03 0.489
d +/-0.2 -0.67 0.45 +/-0.25 0.03 0.49
Sd 0.3 1.01 0.11 0.2 0.93 0.46
D 0.36 1.21 0.47 0.32 0.93 0.67
SL 0.1 0.05 0.09 0.2 0.68 0.55

Lactose (g/kg) Somatic cells count (103/ml)
Limit IDF RIAP lab. RIAP lab. Limit IDF RIAP lab. RIAP lab.

3/2000 9/2000 3/2000 9/2000
∆ -0.01 0.48 -5 21
d +/-1 -0.01 0.48 +/-35 -5 -64
Sd 1 1.52 0.32 35 13 56
D 1.41 1.52 0.58 50 14 85
SL 0.77 0.06 0.39 36 23 10

∆ - Difference of averages (mean of reference values - mean of RIAP
laboratory results)

d - Mean of differences (individual sample reference value - RIAP
laboratory result)

Sd - Standard deviation of the differences per sample
D - Euclidian distance to d - Sd axes origin
SL - Repeatability (standard deviation of absolute differences between

laboratory duplicates)

In 2000 interlaboratory studies concerned the determination of fat, protein,
lactose and somatic cell counting by our laboratory. Two trials were
scheduled on March and September. Whole milk samples, preserved by
bronopol, were sent by international delivery express carrier in isolated
boxes with ice, with dispatching delay 1 to 3 days. According to our
registration we received:



251

Kirchnerová & Foltys

ICAR Technical Series - No 7

• 10 samples for determination of fat by Röse-Gottlieb, and protein by
Kjeldahl;

• 10 samples for polarimetric determination of lactose;
• 10 samples for somatic cells counting by Fossomatic 90.

After the performing of analyses, the results in duplicates were reported
on the appropriate report sheets and returned to CECALAIT. The results
of the statistical data treatment (analysis of the laboratory’s repeatability
and accuracy) were sent anonymously to each participating laboratory,
knowing only his identification number. As the reference values were taken
the average values of 10 - 15 laboratories after elimination of extremes by
Grubbs test at 5 % level.

Statistical treatment of the results concerning proficiency interlaboratory
study is shown in table 1. Limit for Euclidian distance D define an
acceptability area of the laboratory performances. Comparison of March
and September RIAP laboratory D-value with IDF limit for used methods
shows the step-by-step improvement of analytical practices. September
differences between the reference mean and laboratory mean (∆), are for
every method not higher than 0.5 g/kg for milk composition and 20x103/ml
for somatic cells count.

At the presentation on poster will be shown the graphical evaluation of
accuracy.

Results
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The effects of circular cleaning of the pipeline milking equipment ZD 2-020
by means of ultrasound and its influence on the cleanness of milking units
were evaluated.

The results were compared with the effects of the traditional way of
sanitation. An ultrasonic cleaning equipment with a small trough was
constructed for this purpose (Figure 1).

Effect of ultrasound in circular
disinfection of milking equipment

L. Botto, S. Mihina & V. Foltys

Research Institute of Animal Production, Hlohovská 2,
949 92 Nitra, Slovak Republic

 E-mail: botto@vuzv.sk

Aim, material
and methods

Figure 1. Design of ultrasonic trough equipment for circular cleaning of the
pipeline milking equipment.

1 - Ultrasonic generator,
2 - Ultrasonic trough,
3 - Underwater ultrasonic emitters,
4 - Drain outlet,
5 - Control panel,
6 - Box for distance control,
7 - Time relay,
8 - Acoustic alarm of failure,
9 - Carrier-frequency cables,
10 - Ground cable,
11 - Milking set
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Ultrasounds for disinfecting

The cleanness of the milking sets was evaluated on the basis of results of
the microbiological control of the inner surface of teat cups (mouth of liner
and liner wall), claw-piece, long milk tube, milk-flow indicator and jointing
cock. The samples were wipped off and the total number of microorganisms
(TNM) expressed in number of colony creating units per dm2 area
(CCU/dm2) was determined.

All parts of the milking set cleaned by the ultrasonic circular disinfection
were better cleaned than with the traditional way of sanitation (Table 1).
The share of satisfactory degree of cleanness was higher by 23.2 % (TNM to
500 dm-2). The determined values of the microbial contamination in the
parts of milking units were the highest in the teat cups, and jointing cock.
The share of conditioned satisfactory degree of cleanness (TNM 500 to
2 500 dm-2) was lower by 15.7 %.

The values of contamination of all parts of milking sets were also lower at
the same time. The inconvenient degree of cleanness decreased by 80 %.
The teat cup - its liner wall - was contaminated at least when cleaned
traditionally as well as with the ultrasound. The highest contamination
was noticed in the long milk tube after the traditional sanitation and in
the jointing cock after the ultrasonic sanitation.

Better cleanness of all parts of the milking sets was achieved by the
ultrasonic circular cleaning of the pipeline milking equipment then with
the traditional sanitation.

Results

Conclusion

Table 1. Total number of microorganisms in milking set parts within the
individual degrees of microbiological cleanness at various ways of sanitation in
CCU/dm2.

Way of sanitation Traditional With ultrasound

Degree of microbial cleanness I. II. III. I. II. III.
Teat cup - mouth of liner 41 1 194 5 640 78 813 0

- liner wall 33 1 138 4 418 86 940 0
Claw-piece 75 1 043 3 992 252 709 0
Milk tube 255 1 062 2 804 220 845 0
Indicator of milk flow 178 1 020 3 890 162 631 0
Jointing cock 175 1 004 2 512 291 986 2 757

Note:
I. Satisfactory degree of cleanness (TNM to 500 CCU/dm2)
II. Conditioned satisfactory degree of cleanness (TNM 500 to 2 500 CCU/dm2)
III. Unsatisfactory degree of cleanness (TNM over 2500 CCU/dm2)
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The aim of this study is to establish how change the conformation traits
during lactations. We made our investigations on the dairy farm of Agrár
Rt, Enying in Kiscséripuszta. The conformation traits based on minimal
two consecutive scorings with a 50-point scale were evaluated in a  Holstein
Friesian herd with 739 cows. The two evaluations were at the first and
second lactations.

The scores of conformation traits at the first and second evaluation are
reported in table 1. During the lactations the scores of fore udder
attachement were decreased slightly (with 1.6 points) and for rear udder
hight increased with 0.9 point (by 20-24 cm). The scores for udder width
were better with 1.1 points but were under by 15 cm, and udder suspension
were better with 0.3 point. As for udder depth, the udder floors were above
the hocks at the first  scoring by 7.5 cm and by 5 cm at the second. At the
first evaluation the rear teat placements were scored as normal  but during
the second lactations the scores for trait of side teat placements
increased.The udder system generally was evaluated for “good” level but
later its score (77.6-77.0 points) decreased with 0.6 point.

Change of udder conformation traits during
lactations in a Holstein Friesian herd

E. Báder1, I.Györkös2, P. Báder1, M. Porvay3 & E. Kertészné Györffy1

1University of West-Hungary,Faculty of Agricultural Sciences, Department of
Cattle and Sheep Breeding, H-9201 Mosonmagyaróvár, Vár 2, Hungary

2Research Institute for Animal Breeding and Nutrition,
H-2053 Herceghalom, Gesztenyés út 1, Hungary

3Enyingi Agricultural Corporation, H-8155 Kiscséripuszta, Hungary

Table 1. The scores of conformation traits at the first and second scoring.

1st scoring 2nd  scoringUdder conformation
traits Average Deviation CV% Average devIation CV% Diff.
Udder placement 24.7 4 17 23.1 6 28 -1.6
Udder hight 30.5 4 14 31.4 4 13 +0.9
Udder width 26.7 5 17 27.8 5 19 +1.1
Udder attachment 31.2 5 16 31.5 6 21 +0.3
Udder depth 30.9 7 22 22.8 9 38 -8.1
Teat placement 24.0 6 26 22.8 8 35 -1.2
Udder system 77.6 4 5 77.0 5 7 -0.6
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Change of uddder during lactation
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By the distribution of scores we can established that the number of cows
with weak udder attachment were slighty increased but also increased
the number of cows with strong attached udder (Figure 1).

As for udder depth there were by16% more cows with udder floors below
hocks and by 23% more cows with udder floors above hocks (but no reached
5 cm). Besides the number of cows are decreased by 5% which udder floors
above hocks (by 5-7.5 cm) and also decreased where this distance were
7.5-17.5 cm (Figure 2).

Figure 1. The distribution of udder attachement in two scorings.

Figure 2. The distribution of udder depth in two scorings.
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At rear udder hight at the second scoring there were by 7% more cows
which were evaluated „very good” level.(Figure 3). The average of udder
width were better at the second evaluation because the number of cows
with narrow udder were slighty decreased (by 4%) and largely (by 11%)
were increased the  cows with wide udder (Figure 4).

Figure 3 The distribution of udder height in two scorings.

Figure 4. The distribution of udder width in two scorings.
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Change of uddder during lactation
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Fore udder attachment were worse at the second evaluation because the
rate of evaluated cows with extremely loose attachment were increased
by 7% and the number of  cows with loose udder increased by 3%. The
number of evaluated cows with intermediate scored were decreased by
10% and there were a few cows with very strong udder (Figure 5).

Teat placement also changed during lactations, centrally placed were
decreased (by 5%) and inside teats were increased (by 3%) (Figure 6).

Figure 5. The distribution of udder placement in two scorings.

Figure 6. The distribution of teat placement in two scorings.
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The examination enclosed five different portable milkmeters. The
milkmeters were chosen as a result of their prevalence in Austria (Table 1).

Table 1. Devices in trial.

Devices
Device No. 1 LactoCorder
Device No. 2 Waikato Mark 5
Device No. 3 MilkoScope II
Device No. 4 Tru - Test HI
Device No. 5 Tru - Test FD

The meters were checked under laboratory conditions with water. The
test procedure has been carried out in accordance to the “Recording
Guidelines” (ICAR; 1995). The examination of each device surrounded 2
directions of inclination , 4 angles of inclination (0,5, 10, and 15 degrees)
and two different vacuumlevels (40 kPa and 50 kPa). The study showed
significant differences on recording accuracy by vacuumlevel and also by
angle of inclination.

Key words: Milkmeters, recording accuracy, test with water, inclination,
vacuum level

Effect of inclination and vacuumlevel on the
recording accuracy of portable milkmeters

Luger, K., J. Hartl & R. Vogelauer

Federal Dairy Institute,
Wolfpassing 1, A- 3261 Steinakirchen am Forst, Austria

E-mail: luger@bamw-bmlf.gv.at
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Inclination and vacuum level on accuracy

The portable milkmeters for the examination are taken to the farms for
recording by the official representatives of the provincial milk recording
association. This portable milkmeters are used on farms with pipline
milking machine systems as well as on farms with milking parlours. There
is a big difference between the normal position of the milkmeters
(perpendicular) and the deviation of the perpendicular positions. A further
problem is concerning the recording accuracy emerges due to the different
rates of vacuum on the different farms.

To limit the examination´s extent in a practical range some pilot tests were
done to get the direction of inclination with the highest specific failure.

For this reason the milkmeters were inclinated in four directions (right - left,
front – back) with 15 degrees each. The two positions dividing the most
from the real value were taken into account in the experiment´s plan.

To approximate the practical situation, the effect on the recording accuracy
of simultaneous inclination in both directions was additional checked.

The project contains, in addition to the optimal position (perpendicular),
the inclination angles of 5, 10, 15 degrees in all directions, commited in the
pilot test.

Even all examinations were performed with a systemvacuum of 40 kPa
and 50 kPa. The evaluation was done with the “Mixed Model
Least - Squares and Maximum Linkelihood“ Computer program (in the
version PC – 2 of HARVEY, 1990 ).

Results according to all devices (Total experiment) are summarised in
table 2.

High significant differences (P< 0,001) in the recording accuracy between
all devices were observed.

Introduction

Results

Table 2. Recording accuracy of each device in % (LSQ).

Recording accuracy in %
Devices

1 2 3 4 5 S P
No. 132 200 200 200 200
Recording
accuracy in %

-3.80a 5.74bd -3.79a 3.77c 5.1d 6.64 0.0000

a, b, c, d, bd, … different letters show significant (P<0.1) differences.
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There is no difference between device 1 and device 3, but a significant
difference to all the others. Further more there is a significant difference
between device 4 and device 5. Between device 2 and device 5 no significant
differences could be observed.

Although high significant differences between the both vacuum levels
(P < 0.001) could be observed (Table 3).

Table 3. Recording accuracy of both vacuum levels in % (LSQ).

Recording accuracy in %
Vacuum S P

40 kPa 50 kPa
No. 460 472
Recording
accuracy in %

-0.14 2.94 6.64 0.0000

Results according each device are reported in table 4 and 5.

Table 5. Recording accuracy of all devices in both vacuum levels in % (LSQ).

Recording accuracy
Vacuum

40 kPa 50 kPa
Recording accuracy in % S P

Device no. 1 -3.61 -3.99 0.73 0.0039
Device no. 2 -0.07 11.54 6.95 0.0000
Device no. 3 -4.33 -3.24 0.74 0.0000
Device no. 4 3.80 3.74 1.17 0.7402
Device no. 5 3.51 6.68 0.93 0.0000

Table 4. Recording accuracy of all directions of inclination and all angles of inclination in % (LSQ).

Recording accuracy
0/0 0/5 0/10 0/15 5/0 10/0 15/0 5/5 10/10 15/15 S P

Recording accuracy in %
Device no. 1 -3.34 -3.92 -4.55 -4.55 -3.42 -4.50 -3.57 -3.27 -3.64 -3.27 0.73 0.0000
Device no. 2 -4.24 -0.70 1.46 44.02 -2.72 -2.65 12.06 -0.10 1.51 8.72 6.95 0.0000
Device no. 3 -0.91 -1.11 -2.08 -3.47 -2.00 -4.53 -6.34 -2.88 -6.47 -8.06 0.74 0.0000
Device no. 4 3.45 3.92 4.82 6.52 3.23 3.06 3.86 3.30 3.27 2.17 1.17 0.0000
Device no. 5 1.56 2.73 6.84 8.50 2.58 2.48 2.72 5.46 5.73 12.40 0.93 0.0000
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Inclination and vacuum level on accuracy

All 5 examinated devices showed significant differences in the recording
accuracy between the different positions.

Both different vacuumlevels result in 4 devices in significant differences
of recording accuracy, only device 4 showed no significant differences in
this chase.

Harvey, W.R. ,1990; User’s Guide for Mixed Model Least-Squares
and Maximum Likelihood Computer Program. Ohio State University.

ICAR, 1995; International Committee for Animal Recording.
Recording Guidelines. Appendices to the International Agreement of
recording practices, ICAR, Via Nomentana 134, 00185 Rome, Italy.
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A finite element model was developed to model the response of a liner to
changes in liner material, geometry, tension and differential pressure. Liner
tensile tests were used for preliminary validation of the results, which
compared well with experiments.

Key words: Machine milking, finite element analysis, liner.

Based on milk flow simulation data it is possible to predict the influence
of various component dimensions on the teat end vacuum and liner
differential pressure. However if a new liner is being developed it is not
possible to predict the deformation or liner wall movement in response to
a given differential pressure. It was proposed to develop a model based
on finite element analysis (FEA), which could accurately model the liner
wall movement profile for a number of discrete points on the surface of
the liner.

Liner wall movement has elsewhere been indicated (O’Callaghan, 1997;
Spencer and Jones, 1999). It has also been shown that poor liner wall
movement as a consequence of pulsation failure can double the rate of
new infection and also lead to an increase in petechial haemorrhaging of
the teat. (Mein et al., 1983).

The objective was to model the liner response to an applied differential
pressure using finite element analysis so that liner behaviour can be
predicted based on a priori knowledge of the geometry and material
characteristics.

Modelling of liner behaviour using
finite element analysis

E. Harty1, P.M. Grace1 & E.J. O’Callaghan2

1Department of Agricultural and Food Engineering,
University College Dublin,

Earlsfort Terrace, Dublin 2, Ireland
E-mail: eharty@dairymaster.com

2Teagasc, Moorepark Research Centre,
Fermoy, Co. Cork, Ireland
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Modelling of liner behaviour

The liner material properties were measured for three similar liners by
carrying out tensile tests on the materials in accordance with BS903:A2
(BSI, 1995).

The liner geometry was obtained from both part drawings and internal
mould impressions. The internal mould impressions were taken using a
surface impression compound, Technovit 3040, which was subsequently
poured into the liner barrel. After a few hours when the compound had
solidified the liner was split and the internal liner impression was removed.
Dimensions were measured from the liner impression.

A nonlinear finite element model was developed with 8 noded solid
elements using Ansys 5.6 to model the collapse of the liner. The model
geometry was defined parametrically in terms of upper barrel bore, lower
barrel bore, barrel length, wall thickness, axial stretch and radial stretch.
The elastic modulus for the material was also entered as a parameter. The
Poisson’s ratio was fixed at 0.49. A two dimensional section of half the
liner was constructed by defining various keypoints and areas.

These areas were meshed with a special element (MESH200), which is
intended for multi-step meshing operations that require a lower
dimensionality mesh to be used for the creation of a higher dimensionality
mesh, i.e. sweeping a 2-D mesh into a 3-D mesh. Model meshing was
additionally parameterised which included the number of elements
through the wall thickness, the element size and the number of elements
in a 180° rotation.

This mesh was rotated about 180° and the mesh elements converted to
solid 8 noded elements (SOLID45) used for 3-D models with materials
obeying linear material constitutive laws. The materials were linear and
isotropic in the strain area of interest. Despite the axisymmetric liner
geometry it was necessary to model half the liner as the deformed model
should only have one plane of symmetry. Specific groups of nodes were
defined as components C1 to C5 within the geometry to simplify the
application of loads and constraints.

Since the geometry and loading pattern are symmetrical the finite element
model has no material imperfections and will not deform correctly when
loaded. This is because the liner barrel will contract in the radial and
circumferential directions and the material will compress therefore it was
necessary to introduce an imperfection. Eigenvalue buckling analysis
determined the initial buckling mode shape upon which miniature nodal
offsets were applied to introduce the imperfection. The nodal offset was
computed as 10% of the normalised buckling mode shape, i.e. a maximum
offset of 0.1mm.

Material and
methods

Geometry and
material
characteristics

Finite element
analysis
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A solid plane was constructed so that deflections would not penetrate the
plane of symmetry. The elements CONTA174 and TARGE170 were used
to model contact between the internal liner barrel and the solid plane. The
contact elements overlaid the solid elements describing the internal liner
barrel.

Initial loading consisted of the radial and axial stretch when a liner is placed
in the shell. Nonlinear geometry options were enabled due to the large
deflections expected. Ansys solution control options were enabled. The
model was then solved at the initial time step because loading may be
path dependent and the principle of superposition would not apply.
Differential pressures between 45kPa and –25kPa were placed across the
liner barrel and the solution was obtained.

Three liner types were held in an Instron tensile testing machine and
stretched to 50mm at a rate of 100mm/min. The load was then relaxed at
the same rate. The load versus displacement curve was obtained and linear
regression was carried out on these curves.

The measurements of the axial forces on the liner from experiments were
compared with the F.E. model and are shown in figure 1. The comparison
for the soft and medium material types are within result tolerances due to
material properties, but the results for the hard material show a larger
difference between the model and the tensile tests. During the tensile tests
the hard material was stretched beyond its elastic limit and it deformed

Validation
experiment

Results and
discussion

Figure 1 Comparison of reaction forces.
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Modelling of liner behaviour

plastically. When linear regression was performed on the extension results
with the regression line fixed through the Cartesian origin the comparison
(FEA 3 vs. EXPT 3(2)) was better.

Displacement due to a differential pressure of 45kPa is shown in figure 2,
although results can be viewed at any differential pressure.

Figure 2 Displacement due to a differential pressure of 45kPa.
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Liner behaviour can be predicted for a range of geometries and material
properties with excellent accuracy using FEA without the need for
expensive prototyping processes.

BSI, 1995; BS 903-A2 : 1995 Physical testing of rubber. Method for
determination of tensile stress-strain properties.

Mein, G.A., M.R. Brown & D.M. Williams, 1983; Pulsation failure
as a consequence of milking with short teatcup liners. Journal of Dairy
Research 50: 249-258.

O’Callaghan, E., 1997; Comparison of Testing Systems for Evaluating
Milking Units. In International Conference on machine milking and
mastitis. 23rd May, 1997. Teagasc. ISBN 1 901138, 151: 31-55.
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Electronic milkmeters, installed in traditional milking parlours or in
robotised ones, make it possible to estimate the milk yield for each cow
and each milking. It is thus interesting to test what is the required level of
precision, considering that data from the electronic equipment are supplied
milking after milking and how to use them for milk recording purposes.
Moreover it is not advisable to use an electronic milkmeter as if it were a
pair of scales.

Materials and methods

The test was carried out in 1990 on the “Ghezzi” farm near Milan, equipped
with a 6-unit tandem milking parlour, in which 70 cows are usually milked.
The low-line milking parlour was provided with electronic milkmeters
(“Metrolat 2”, manufactured by Proseat).

The test spanned over 30 days. Data concerning milk yield for each cow
and for each milking were provided by the milkmeters and by the weight
of milk collected in a pail connected downstream in relation to the
milkmeter, for each individual milking. The milk weight was determined
by means of a pair of scales.

Data were grouped under:
• milkmeters;
• cows;
• milkings.

Graphs were made of the error (in%) of the milkmeter in comparison with
the scales (Figure 1) and related real milk yield (Figure 2) considering all
the milkmeters.

Using daily data from electronic milkmeters:
First results of field tests

G. Provolo & F. Sangiorgi

Università degli studi, Istituto di Ingegneria agraria
Via G. Celoria, 2, 20133 Milano, Italy
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The average concerning milk yield for each day of milking was calculated
in order to obtain the herd’s average daily yield (Figure 3) in relation to
real yield and the one read off the milkmeter.

Afterwards the monthly (30 days) yield was assessed by using an ever
increasing number of daily data (1 to 30) and by comparing it with real
yield.

Figures 4 and 5 were made of the errors obtained (in % and in kg) in relation
to the number of days on which the estimate of monthly yield was based.

Figures from 6 to 9 refer to four individual cows taken as examples.

Figure 1. Error (in%) of the milkmeter in comparison
with the scales.

Figure 2. Error (in%) of all the milkmeters during the month
(2 milkings a day for 30 days).

0 5

0
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Figure 3. Average daily yield recorded by scales and milkmeters.

Figure 4. Error in the estimated montly yield (in %) both for scales and
milkmeters by using increasing numbers of data (daily basis), taken at regular
intervals.

Figure 5. Error in the estimated montly yield (in kg) both for scales and milkmeters
by using increasing numbers of data (daily basis), taken at regular intervals.
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As for real milk yield the analysis of milkmeter errors shows that all
electronic milkmeters perform in the same way. That is to say that the
mean error being small, some data indicate a considerable random error,
which is sometimes as much as 15 %.

If only one daily datum, provided by these instruments, was used for milk
recording there would be a risk.

In fact the monthly yield estimate would depend on one datum only with
a likely considerable error. On the other hands it should be pointed out
that even if the datum concerning the real yield of only one day a month is
used, it may entail an estimate of the monthly milk yield, in excess of 5 %.

Discussion

Figure 6. Cow no. 30.
a) Daily milk yield data recorded from scales and milkmeters
b) Error in the estimated montly yield (in %) both for scale and milkmeters by

using increasing number of data (daily basis), taken at regular interval.
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Figure 7. Cow no. 35
a) Daily milk yield data recorded from scales and milkmeters
b) Error in the estimated montly yield (in %) both for scale and milkmeters by

using increasing number of data (daily basis), taken at regular interval.

If a greater number of daily data are used it is possible to reduce their
errors (less than 1 % for 10 monthly data or more) by taking into account
figures provided both by the scales and milkmeters.

Considering the estimate related to each individual cow characterised by
different production levels and physiological conditions we can observe:
• from figure 6 that cow n° 30 shows an increase in milk production during

the month. With just 4 - 5 daily data it is possible to keep the error
below 2.5 %;

• from figure 7 that with cow n° 35, 8 daily data are necessary to keep the
error below 2.5 %;

• from figure 8 that with cow n° 37, characterised by an even production
curve, also with only one datum is sufficient;
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Figure 8. Cow no. 37
a) Daily milk yield data recorded from scales and milkmeters
b) Error in the estimated montly yield (in %) both for scale and milkmeters by

using increasing number of data (daily basis), taken at regular interval.

• from figure 9 that with cow n° 52, that shows high variation in milk
production due to udder health problems, it is necessary to gather at
least 10 daily data.

In conclusion it seems possible to make use of data coming from cows
with different production patterns or characterised by considerable random
errors (due to e.g. transient currents etc.) obtained from electronic
milkmeters, only if a substantial number (>10) of daily data are gathered
within the month. Moreover such number of data accounts for any
occasional malfuctioning of milkmeters which can occur in their everyday
use. In order to achieve this aim, it is necessary to determine what
characteristics electronic milkmeters must have and to agree on a

Conclusions
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standardisation of data collecting (e.g. equipment for data trasmission).
Due to the variability shown by different cows it is also important that the
software should consider the milking pattern of each cow and consequently
considers, if not always available, the minimum number of data for each
condition.

Daily recording with electronic milkmeters gives a far better estimate of
the lactation curve than any other means.

Figure 9. Cow no. 52
a) Daily milk yield data recorded from scales and milkmeters
b) Error in the estimated montly yield (in %) both for scale and milkmeters by

using increasing number of data (daily basis), taken at regular interval.
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In practical dairying, cows can be exposed to various emotionally stressful
situations. Milking in unfamiliar surroundings can centrally suppress the
milk ejection reflex accompanied by increased levels of cortisol and
β-endorphin (Bruckmaier et al. 1993). Endogenous opioids inhibit OT
secretion in response to various stimuli in rats  (Bicknell and Leng, 1982).
Administration of the opioid antagonist naloxone abolished inhibition of
OT release in the rat (Pumford et al. 1991), but not in cows during milking
in unfamiliar surroundings (Wellnitz et al.1997). Thus the importance of
the opioid system in the central inhibition of oxytocin release during
milking under stress conditions in dairy cows is still unclear.

The response of the hypothalamic-pituitary-adrenal (HPA) axis to novel
stimuli can characterise the individual sensitivity of animals to stress (von
Borell and Ladewig, 1992). Possible relationships between reaction of
individual cows to novel surroundings and sensitivity of the adrenal cortex
to exogenous ACTH could help to explain the mechanisms of central
inhibition of OT release.

The aim of this study was to test if the opioid antagonist naloxone has a
beneficial effect on normalisation of oxytocin (OT) release during repeated
milking of cows in unfamiliar surroundings. Experiments were performed
during the usual evening milking time. One control milking without
naloxone treatment in all cows was performed in the familiar parlour. For
four successive evening milkings cows were transported to and milked in
the operating theatre of the research station without (control group) or
with naloxone administration (1mg/kg BW) (naloxone group) before
milking. After cessation of spontaneous milk flow, but not before three
min of milking, vaginal stimulation was applied for 2 min. After milk

Inhibition of oxytocin release during
repeated milking in unfamiliar

surroundings: importance of opioids and
adrenal cortex sensitivity

J. Macuhová1, V. Tancin1,2 & R.M. Bruckmaier1

1Institute of Physiology, WeihenstephanerBerg 3,
D-85350 Freising, Germany

E-mail: macuhova@weihenstephan.de

2Research Institute of Animal Production, Hlohovská 2,
SK-949 92 Nitra, Slovak Republic
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flow ceased again 10 IU of OT was injected intravenously to remove the
remaining milk including residual milk. Milk flow was recorded
continuously and blood samples were collected via jugular vein cannula
at 1-min intervals from 1 min before start of milking until i.v. injection of
OT. The inhibition of milk ejection and its normalization during repeated
milking in unfamiliar surroundings was not influenced by naloxone
treatment. Therefore, any role of endogenous opioids in the inhibition of
milk ejection in unfamiliar surroundings could not be demonstrated. There
were not differences in cortisol release during control milking and all
relocations between naloxone and control group.

In addition, the effect of exogenous ACTH1-24 (8 IU) i.v. on the release of
cortisol related to the response of cows milked in unfamiliar surroundings
was studied. Cows with totally inhibited milk ejection in response to
vaginal stimulation during milking after first relocation had numerically
lower cortisol levels (8.8±3.4 ng/ml; AUC/min) in response to ACTH than
cows with at least partial milk ejection  (38.7±12.9 ng/ml). Thus animals
with higher adrenal response to ACTH seemed to have less severe
inhibition of milk ejection.

Bicknell, R. J. & Leng, G. 1982 Endogenous opiates regulate oxytocin
but not vasopressin secretion from the neurohypophysis. Nature 298
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The present concept of machine milking is based on the acceptance that
the cow is having the leading role in the interplay between her, the milker,
the milking machine, and the environment. This acceptation of biological
potentials and limitations of dairy cows allows us to milk them fast and
complete and reduce or exclude any adverse effects on the cows. The
development of new technologies gives us a new opportunity to
understand and include biological responses of dairy cows into the milking
process.

On the basis of the milk flow profiles analysed at the quarter and udder
level the possible relationships between the duration of decline phase of
milk flow and SCC (somatic cell count) were investigated. 40 Holstein
cows, free of clinical mastitis and on their first to third lactation, were
used. In total 1760 quarter and 440 udder milk flows were recorded during
six consecutive days. At the last evening and morning milking of this period
the milk samples from all quarters for SCC were collected. For the analysis
all quarters and cows were classified in three different groups based on
the duration of the decline phase – less than 40 s, between 40 and 80 s, and
more than 80s for quarter analysis and less than 120 s, between 120 and
200 s and more than 200 s for udder analysis. The statistical analysis was
carried out with the Genstat package (Genstat 5 Comittee, 1999).

At the udder level no effect of the duration of decline phase on SCC was
found. With the increase of the decline phase the milk yield also
significantly increased. The plateau phase increased only slightly when
the decline phase increased.

Milk flow patterns: interrelationship with
somatic cell counts

V. Tancin1,2, B. Ipema1 & P. Hogewerf1

1IMAG, Mansholtlaan 10-12,
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At the quarter level there was a significant effect of the duration of decline
phase on SCC (5.03±0.05 log SCC at < 40s as compared with 5.42±0.04 log
SCC at >80s). With the increase of decline phase the peak flow rate increased
but the time to reach the peak flow and the duration of plateau phase
decreased. During decline phase the vacuum and its fluctuation appears
in the teat sinus in each pulsation when the pulsation chamber is evacuated
and it stops when teat sinus is restricted at the teat bases. It is not clear
whether this fluctuation results in a higher SCC.

The duration of decline phase at the quarter level was not related to the
duration of blind phase (overmilking) and milk production. Also, there
was no correlation found between duration of blind phase and SCC.
Probably overmilking of the single quarters within the udder is not harmful
to secretory tissue but a negative effect on the teat ends and blood
circulation in teats has to be considered.

At the udder level there was no effect of peak flow rate on SCC but at the
quarter level the peak flow rate was higher in a group of quarters with
longer duration of decline phase. Are cows with higher peak flow more
susceptible for mastitis because of a high peak flow or longer decline phase?

The stage of lactation, time of milking, position of teat and peak flow rate
did not influence the effect of the duration of decline phase on SCC at the
quarter level.

In conclusion: the cows with longer duration (over 80s) of quarter decline
phase had significantly higher SCC in their milk. Whether longer duration
of decline phase from quarter is reason or consequence of higher SCC has
to be investigated. To improve the interplay between cow requirements
and machine parameters the quarter milk flow patterns have to be
considered. The possible effect of quarter flow controlled milking on milk
ejection and udder health has to be studied.
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The influence of high liquid flow rate Qm=0-8kg/min, teat penetration
and pulling force in the liner on vacuum milking parameters for Harmony
milking unit was analysed and the empirical formulae were adopted. As
has been observed, such milking parameters as average vacuum during
the milking phase (pss), average vacuum decrease during a complete
pulsation cycle (dp) and the pressure difference between the end of teat
and the claw (dp1max1) change its value significantly with the increasing
Qm. The best value of vacuum fluctuations parameters and dp1max1 were
observed for pulling force in the liner being in the range of 40-70N. This
range of pulling force is also suitable for dp1max1, which oscillates between
–0.1 and –0.2 kPa.

Key words: Milking units, liner, measurements, vacuum parameters.

Stable vacuum in the teat cup chamber and elimination of the back flow
has the very important requirements influencing the course and conditions
of milking of cows with high milk productivity( Szlachta, 1997; Haman &
Dück, 1984; Hamann, 1989).

The analysis of vacuum level and teat end pressure during milking shows
differences in the milk flow rate (O’Shea J. et al., 1976; Nordegren, 1980;
Williams and Mein, 1980; Mayntz, Laidig & De Toro, 1990; Szlachta &
Wiercioch, 1994; Szlachta et. al., 2000). It should be noticed that stabilisation
of vacuum under the teat end demands attention from researchers,
especially when it comes to cows with high milk productivity (Szlachta &
Wiercioch, 1997). The above-mentioned basic aspects of work of a milking
unit allow us to notice that vacuum is a factor of a great importance. The
conditions of milking also depend on the construction of a milking unit,
especially the milk claw volume, liner characteristics and massage pressure

The influence of pulling force in the liner and
teat penetration into the liner on basic vacuum

parameters of a milking unit

J. Szlachta & K. Aleksander

Institute of Agricultural Engineering, Agricultural University in Wroclaw
Ul. Chelmonskiego 37/41, 51-630 Wroclaw, Poland

e-mail Szlachta@imr.ar.wroc.pl

Summary

Introduction
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and stimulation. Taking into account what has been said heretofore, it
should be noticed that milking units often work improperly, especially
when the cows milked, exhibit high milk productivity, i.e. when the
intensity of liquid flow > 4-8 kg/min. The aim of the study was to evaluate
the influence of pulling force in the teat liner and teat penetration on the
change of basic parameters in milking units used for milking of cows with
high milk productivity. The basic criteria of assessment were level of pulling

Figure 1. Methods and test procedure: a-problem illustration, b-scheme of test
installation.

1- vacuum line,
2-vacuu gauge,
3-regulator,
4- pulsator,
5-long milk tube,
6- milk claw,
7-teat cup,
8- teat,
9- computer,
10-transducer,
11-liquid flow rate meter,
12- milk line,
13-water container,
14-liquid flow meter.
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forces in the liner and vacuum stability at the teat end during laboratory
empirical test. Very interesting was the influence of liquid flow rate (Qm)
on the average vacuum during milking phase (pss), average vacuum
decrease during a complete pulsation cycle (dp) and pressure difference
between the end of teat and claw (dp1max1, Figure 1), as factors causing
back flow (Szlachta et. al. ,2000).

The research was carried out using test installation of the Institute of
Agricultural Engineering, Agricultural University of Wroclaw (Figure 1).
The Harmony milking unit with claw TF450 was examined. The liner
Harmony was pulled in teat cup chamber with the force of 30-80N. The
vacuum parameters were measured for liquid flow rate Qm=0-8kg/min
and for teat penetration 50, 62, 75, 100 mm. The basic technical data of
milking units are shown in the table 1. The work of the milking unit was
recorded by a system of computer registration and analysed for chosen
milking parameters (Wiercioch & Szlachta, 1994).

Material and
test procedure

Table 1. Basic technical data of the milking units tested.

Milk
chamber

capacity of
claw, cm3

Pulsator
type

Diameter
of short

milk tube,
mm

Diameter
of long

milk tube,
mm,

The volume under the teat by
the teat penetration into liner:

0 mm 50 mm 62 mm 75 mm 100 mm

450 EP-100 14 16 76 cm3 58.7 cm3 54.5 cm3 44.8 cm3 30.8 cm3

The influence of liquid flow rate Qm on changes in average vacuum during
the milking phase pss was very similar for all examined teat penetration
and pulling forces. With changing Qm from 0 to 8 kg/min, the drop of the
average vacuum during the milking phase pss is less impetuous (Figure 2).

The influence of liquid flow rate Qm on changes in average vacuum during
the milking phase pss was very similar for all examined teat penetration
and pulling forces. With changing Qm from 0 to 8 kg/min, the drop of the
average vacuum during the milking phase pss is less impetuous (Figure 2).

This parameter decreases for all teat penetrations in the liner. In the case
of pulling force in the range of 30-40N and little teat penetration (50-62mm)
a high drop of average vacuum during the milking phase (pss) was
observed. This situation is a result of big changes of the volume under the
teat (dVk, fig.1a). To eliminate the back flow, the difference pressure
between the end of teat and claw (dp1max1) should have a negative value
or oscillate around zero. For Qm=8kg/min (Figure 3) negative values of

Results and
discussion
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Figure 2. Influence of liquid rate on the average vacuum level during the milking
phase, pss.
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Figure 3. Influence of pulling force in the liner and teat penetration on the pressure
difference between the end of teat and claw (dp1max1) and average vacuum decrease
during a complete pulsation cycle (dp) for liquid Qm=8kg/min.
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