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Abstract

During an invedigation on teat deaning efficiency of different Automatic Milking (AM) sys-
tems working in practice differences were detected not only between systems of different
brands but aso between farms working with the same AM system. In addition, teat contami-
nation before cleaning was of dgnificant influence on teat cleaning efficiency. Therefore the
second part of the study focused on management factors to determine which measures are
sgnificantly associated with teat contamination.

The invedtigation was peformed on 18 farms. Differentid bacterid counts in bulk tank milk
were determined to find potentid falures in milk qudity. High coliform counts on 8 fams
indicated insufficient teat cleaning and/or falures in sysem cleaning. On 14 fams ther-
moduric bacteria exceeding 200 cfu/ml showed potentia problems with sysem cleaning al-
though TBC was wdl beow 10000 cfu/ml, but thermoduric bacteria may dso have originated
from bedding materid.

In fresh bedding meterid different levels of bacterid contamination were found, with lowest
total bacteriad counts in specidly treated sawdust and in sand. Coliform bacteria on teat sur-
faces are not necessarily due to faecal contamination, because these bacteria were adso found
in fresh bedding.

The hygiene management on fams was evduated by means of a questionnare-based inter-
view with the farmer. In addition, a checklist was used to determine the actua hygiene status
of certain areas on the farm. An anayds of variance was performed including 45 questions of
the questionnaire and 17 aspects of the hygiene checklist.

AM gpecific management factors associated with high average test contamination on farms
were: replacement of teat cleaning device < once per year, moderate/poor status of the teat
cleaning device, average milking frequency per day < 2.5 and ro sdlection of cows for robot
acceptance (p<0.10). Factors not directly related to AM involved contamination of cubicles
less than one cubicle per cow, cows lying on dleys present in the herd, addition of fresh bed-
ding maeid less than once per day, no sdlection of cows for udder hedth, moderate/poor
datus of bedding materid and moderate/poor status of claws were sgnificantly related to high
teat contamination.

Additiona factors like the generd impresson of the robot, cleaning frequency of the milking
box, dtatus of teat cups and the use of cow brushes in the barn were probably more closdy
related to the generd attitude of the farmer towards hygiene than to teat cleanliness.

Other factors can be regarded as generdly accepted hygiene measures, because nealy dl
farmers practised cubicle cleaning twice per day, shearing of udders and cutting of tall heads.
These factors should therefore be considered as basic hygiene measures.

Although the cause and effect rdationship between parameters used to evauate hygiene man-
agement on fams and teat cleanliness was not dways very srong these factors should be
consdered when improvements of test cleanliness are intended. Even with very good condi-
tions it will be unavoidable that individua cows will have soiled teats, but farm management
should am for clean udders in the mgority of cows. Apart from those factors which are spe-
cfic for AM sysems (eg. frequency of replacing test cleaning devices, milking frequency) it
can be expected that the factors mentioned above can dso improve teet cleanliness on fams
with conventiond milking systems.
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1 Introduction

High qudity of rav milk is a prerequiste for production of high qudity milk products. In
Europe a threshold of 100 000 colony forming units (cfu)/ml for totd becterid count (TBC) is
fixed for bulk tank milk at deivery by Council Directive 92/46/EEC. In practice, much lower
TBC are achievable. When dl aspects of hygiene are regarded TBC of 10000 cfu/ml should
not be exceeded (Reinemann, 1997).

Teat and udder surfaces belong to the three main sources for bacteria contamination of raw
milk. Other main sources are maditis pathogens and bacteria from milk contact surfaces
(Slaghuis, 1996, Sumner, 1996). When teats are not sufficiently deaned before milking milk
of individuad cows can yidd high bacterid counts. Therefore effective teat cleaning before
milking is important to avoid bacterial contamination of milk. Clean tests before milking are
aso an explicit demand according to Council Directive 89/362/EEC.

In Automatic Milking (AM) sysems teat cleaning procedures are mechanized. Usudly the
cleaning intensty is determined for the whole herd based on cleaning time or number of brush
movements. In some systems it is possble to goply more intensve teet cleaning for individud
cows. Until now no online control mechanisms are available to check for success of the tesat
cleaning procedure.

In the fird pat of this invedtigation teat cleaning effidencies of the different AM systems
indaled in prectice were evduated on 18 fams working with AM sysems of 6 different
brands (Report D14). The andyss indicated that brand has a dgnificant influence on teat
deaning effidency. Sgnificant differences of deaning efficiency between the three farms
working with the same AM sysem showed that dso management on the farm is important for
successful teat cleaning. These concdlusons were underlined by a sgnificant influence of ini-
tid teat contamination on teat cleaning efficency.

It was assumed from the beginning that the mechanized systems would not be able to ded
with very dirty tests. Even if a control sysem for the teat cleaning procedure was available,
more time would be spent on cleaning of very dirty tests and edtricting the available time for
milking in the AM system. In addition, teats from well bedded cows ae less contaminated
than tests from cows kept on minima bedding when the same cleaning method is gpplied
(Hansen, 1973). Therefore it is dedrable that cows have teats as clean as possible when they
enter the AM system.

During the investigation described above the hygiene management on the 18 farms was evau
aed by means of a quedionnare and a checklig. Additiond information was gained by
determination of differentid bacterid counts in bulk tank milk. An anadyds of vaiance was
carried out to find management factors sgnificantly associated with teat cleanliness.



2 Materialsand Methods

The investigation was performed on 18 farms working with 6 different brands of AM systems
(3 farms per brand). The following AM brands were included: Delava, Fullwood, Insentec,
Lely Industries, Prolion/Gascoigne Me otte, Westfalia Surge GmbH.

The addresses of farms were provided by the manufacturers. During a one-day vist the inves-
tigations on teat cleaning efficiency as described in Report D14 as well as of management
factors were performed.

2.1 Teat contamination before cleaning

The procedure to determine test contamination before cleaning was described in detal in Re-
port D14. Briefly 50 cows were sampled on each farm. When fewer cows were available as
many cows as possible were sampled during a period of gpproximately 8 hours. The cows
were sampled after entering the AM system before start of the robot actions. From each cow
the sampling was performed on two teats, one front and one hind teat of the sde facing the
investigator.

Sampling was performed with sterile cotton wool swabs soaked in 0.85 % NaCl, 0.1 % pep-
tone. 3 strokes from each of two opposite sdes of a teat were taken. After replacing the swab
in 8.0 ml NaCl-peptone and vortexing for 10 seconds the swab was removed. About 1.5 ml of
the solution was used for messurements of adenosne-tri-phosphate (ATP) on the farm using
the system HyLite® 2 (Merck, 64293 Darmstadt, DE) for determination of ATP in fluids. The
remaning solution was cooled for max. 24 h until further andyss The determination of tota
bacteriad counts (TBC) in the remaning swab solution was according to IDF Standard
100B:1991.

Results were Logo transformed for further analyss and are presented in Logip cfu/ml swab
solution (TBC) and Logip RLU (ATP).

2.2 Bacteriological quality of bulk tank milk

On each of 18 fams (3 fams per AM brand) a sample of bulk tank milk was taken before
darting teat sampling. Milk was sampled with a gerile sampling vessd via the manhole of the
tank after thoroughly mixing of bulk tank milk. The sampling time was independent from the
collection interval of bulk milk. Milk samples were cooled until further andyss Differentid
bacterid counts were determined within 24 hours according to standard procedures:

Tota bacteria count (TBC) — IDF (1991)

Coliform bacteria (IDF, 1985)

Thermoduric bacteria (Frank et d., 1985)

The limit of quartification was 10 cfu/ml. Lower bacterid counts were st to 10 cfu/ml for
presentation of results.

2.3 Bacterial countsin fresh bedding

To determine the potentia contribution of bacteria originating from bedding materia to teet
contamination a sample of fresh bedding materid was taken from each fam. 5 g of sample
were used for the andyds. The invetigation of differentia bacterid counts was according to
standard procedures as described in chapter 2.2. The limit of quantification was 100 cfu/g.



2.4 Questionnaire on farm management

The evduation of agpects of farm management was performed by means of a questionnare
based interview of 18 farmers (3 farms per AM brand). The questionnaire focused on aspects
related to teat cleanliness. In addition some questions on generd hygiene were included.

45 questions were included into the andyss. The questions lelonged to the categories generd

housing, AM system, lying area, feeding area and cow management.

2.5 Checklist on hygiene status

A checklig on hygiene management was applied on dl 18 farms. 17 different aspects regard-
ing AM system, housing and cows were scored according to a system of 3 score levels:

score 1 = good

score 2 = moderate

score 3 = poor

A detailed explanation of scoresisgivenin Annex .

As scoring is a subjective means to determine levels of contaminaion and individuds have
different ideas on cleanliness (Report D13) the scoring was performed by the same person on
al farms to reduce variation.

26 Statigtical analysis

2.6.1 Descriptive statistics

The results of andyds of test contamination were summarized as means per fam regarding
TBC and ATP respectively. These data were included into the anadlyss of variance. A more

detailed description of test contamination before cleaning is presented in Report D14.

Reaults of differentid bacterid counts in bulk milk and in fresh bedding materid ae pre-
sented per farm and per bedding materid.

Sdected results of the questionnaire on farm management and of the hygiene checklis are
presented in tables.

2.6.2 Analysisof variance

The effect of the different factors from the questionnare and the hygiene checklis on test
contamination before teat cleaning was evauated by an andysis of variance usng the GLM
(Generd Linear Model) model of SAS®, release 8.01 according to the following equation:

Yij = u+factor + g

Yij =  dependent varidble mean teat contamination per farm before teast cleaning
(for TBC: Logio cfu/ml, for ATP: Logio RLU)

U = overal mean

factorp, =  effect of factor i (factor from a lis of management factors based on question-
naire and checklist)

8j =  random resdud error



Factors were only included when a least three fams were observed with variation for this

factor.
A dealed description of the varigbles and combination of values used for the andyss to

achieve amore equa didribution is givenin Annex 1.
The low number of fams was associated with limited variability, therefore datistica sgnifi-
cance was assumed at p<0.10 and no interactions between factors were tested in the modd.

3 Resultsand Discussion

3.1 Teat contamination before cleaning

Large varidion was seen for teat contaminaion before cleaning with ranges of 3 to 5 Log
units between minimum and maximum vaues for TBC and 2 to 4 Log-units for ATP on indi-
vidual fams (Report D14). In figure 1 teat contaminaion per fam is summarized as means
for TBC and ATP respectively.

Mean teat contamination before cleaning
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Figure 1. Mean teat contamination per farm before cleaning, determined by teet swabs
(TBC: Logio cfu/ml; ATP: Logio RLU)

The correlation ketween TBC and ATP was r=0.72 for teat swabs taken from individua tests
before cleaning. The reaionship between TBC and ATP varied between individua farms.
Therefore the andyss of variance was performed on both parameters separately (chapter 3.6).

3.2 Bacteriological quality of bulk tank milk

If milking is perfformed under good hygienic conditions coliform counts in bulk tank milk
should not exceed 100 cfu/ml. Coliform counts exceeding 1000 cfu/ml are an indication for
growth & milk contact surfaces due to insufficient deaning of milking equipment (Reine-
mann, 1997).

On 8 farms milking with AM systems of 5 brands coliform counts in bulk tank milk exceed-
ing 100 or 1000 cfwml resp. indicated insufficient teat cleaning before milking and/or insuffi-
cient system cleaning (figure 2).
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The extremdy high coliform counts were dso mainly responsible for the high TBC of bulk
milk on fam B. The high counts of coliforms on this farm were due to very bad housing con+
ditions with extremely dirty cows. The former barn for hefers was used for cows without
adjusment of cubicles dimensons for the sze of cows The hygienic status of cubicles was
very bad. Interesting is dso that the farmer reported a high number of clinicd cases of coli-
form madtitis. Although he attributed this problem only to purchased cows not accepting the
cubicles, the mastitis cases were probably related to the bad housing conditions.

For thermoduric bacteria a threshold of 200 cfwml in bulk tank milk is recommended
(Reinemann, 1997). Only on 4 farms contents of thermoduric bacteria in bulk tank milk were
below the recommended treshold (figure 3). This is an indication of falures in sysem cleanr
ing (Reinemann, 1997).
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Figure 3: TBC and thermoduric bacteriain bulk tank milk
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On 14 farms high counts of thermoduric bacteria were observed adthough TBC were kelow or
cloe to 10000 cfu/ml. This shows tha the determination of differentia bacteriad counts can
help to indicate failures dready before changes of TBC occur.

On fams L, M and N bacterid counts resulting from milking egquipment may be overesti-
mated due to low filling atus of the bulk tank at time of sampling.

3.3 Bacterial countsin fresh bedding

If contamination of fresh bedding is high, bacterid contamination of teats is not necessaily
associated to management of the barn. Therefore bacteria counts in fresh bedding materia
were andysed to determine the potentia contribution of unused bedding to the bacterid load
of teat surfaces. The results are shown per farmin figures 4 and 5.
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Figure 4: TBC and coliform bacteriain bedding materid, per farm
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Figure 5: TBC and thermoduric bacteriain bedding materid, per farm



Fams K and M used mattresses without any additiona bedding. Differences in fresh bedding
regarding content of bacteria were seen for TBC as wdl as for coliform and thermoduric bac-
teria

The bacteria counts are ordered by type of bedding in figures 6 and 7. TBC in fresh bedding
material varied between less than 10° cfu/lg and 10® cfu/g. Lowest TBC were found in wood
shavings of the brand Allspan® (specia production and de-dusting process), in sand and in
one additiond sample of wood shavings. Large differences were observed regarding coliform
counts even in the same kind of bedding materid and with smilar TBC (figure 6). Coliform
bacteriawere not detected in any of the 3 samples of Allspart® (detection limit 100 cfu/g).
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Thermoduric bacteria were detected in dl samples of bedding materias except in one sample
of Allspa®. These results show, that thermoduric bacteria in bulk milk may not only be due
to insufficent sysem cleaning but can dso originate from bedding materid when udders are
not sufficiently deaned before milking.

Differences in coliform counts seemed to be more pronounced than differences in content of
thermoduric bacteria These differences may be due to conditions during harvesting of straw
or during production of sawdust/wood shavings. The production process of Allspan™ seems to
reduce bacteria counts very effectively.

High baecterid counts in bedding may aso develop due to unsuitable storing conditions of
bedding. For example on one farm the bedding was stored outsde without shelter resulting in
TBC of 2.4x10’ cfulg.

Hogan et d. (1989) reported bacteria counts in used bedding materia of up to 10”-10° cfu/g.
Our results show that becterid load in this range can dready be found in unused bedding.
Coliform bacteria in bedding materid are not necessarily caused by faecd contamination,
because coliform bacteria were aready detectable in unused bedding.

3.4 Questionnaire on farm management

In addition to brand of AM system differences between individud farms were found to be
important for teat deaning efficiency. Also the initid contamination of teats has a Sgnificant
influence on teat cleaning efficiency, independent of AM brand. Therefore it is necessary to
look at management practices on individud farms.

Some of the results of the questionnaire on general aspects of farm management are summa-
rizedintable 1.

Tablel: General aspectsof management on farmswith AM systems,
results of questionnaire

Observation No. of farms Average Min M ax
No. of cowsin lactation 18 74 34 158
No of lactating cows per milking box

sngle box systems 9 52 34 69

multi-box systems 9 35 26 43
Average milking frequency per cow per day 18 2.6 21 3.0
Time until cows are fetched (hours) 15 12.8 10 16
Retio cubicles/cows 18 1.2 0.8 1.7
Ratio feeding places/cows 18 1.0 0.5 15
Feeding of roughage per day 18 15 1 3

Information on sdected aspects potentidly related to teat cleanliness is summarized in table 2.
Two farms cleaned cubicles once per day, 13 farms twice and one farm three times per day.
The frequency of adding new bedding was between once per month and twice per day. The
ground in the lying area was datted floor on 13 farms and concrete floor on 5 fams. In addi-
tion to the 5 fams with concrete floor manure scrapers were used on 4 fams with datted
floor. The frequency of scraping was between 4 and 12 times per day. Manud cleaning of
floors was performed on 4 farms with scraper and on 4 farms without scraper. 4 fams had
cows lying a dleys in the herd. The number of these cows was between one and 8 cows per
herd representing 1 to 15 % of lactating cows.



Table2: Special agpects of farm management with regard to teat cleanliness,
results of questionnaire

Variable No. of farms yes no
Dignfection of teat dleaning brushes 9 8 1
Use of teat goray after milking 18 12 6
Separation box for AM system in use 18 7 11
Disnfection of cubicles 18 9 9
Presence of cowslying on dleys 18 4 14
Use of cow brushesin the barn 18 15 3
Manud cleaning of udders 18 0 18
Shearing of udders 18 16 2
Shearing of tails 17 12 5
Cutting of tail brush 18 18 0
Sdlection of cowsfor udder shape 18 9 9

robot acceptance 18 7 11

activity 18 7 11

udder hedth 18 15 3

claw hedlth 18 11 7

The frequency of replacing the teat cleaning device ranged from every 6 weeks to every sec-
ond year. None of the farmers cleaned the udders manudly. The frequency of daw trimming
varied between once per year (7 farms), twice per year (5 fams) and 3 times per year (3
farms), no information was given on 3 farms.

3.5 Checklist on hygiene status

Theresults of the hygiene checklist are presented in table 3.

Table3: Resultsof hygiene checklist (18 farms)

Aspect No of farms No. of farmswith score
total 1 2 3
Firg impresson of fam 18 12 5 1
First impression of barn 18 14 3 1
First impression of robot 18 10 7 1
Floor of milking boxes 18 13 5 0
Tesat cups 18 9 7 2
Robot arm 18 10 7 1
Teat cleaning device 17 9 6 2
Waiting areafor cows 18 6 8 4
Waking area beneath robot 8 5 2 1
Feeding area 18 17 1 0
Floor of barn 18 10 8 0
Water troughs 18 11 6 1
Cubicles 17 14 2 1
Qudity of bedding 16 13 1 2
Generd cleanliness of cows 17 14 2 1
Shearing of udders 17 12 3 2
Condition of claws 16 8 7 1
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Sngle use paper was available next to the robot on 8 of 18 farms.

It seems that the aspects waiting area, teat cups, teat cleaning device and condition of claws
were of minor importance for farmers. These aspects were scored moderate or poor on -
proximately 50 % of farms.

Cleanliness of the feeding area was excluded from further andysis because it was scored as
good on 17 of 18 farms.

Some of the results may be biased due to extra cleaning efforts of the farmers before the vist,
dthough this did not seem to ke common. However, one farmer ieported to have cleaned the
AM system the day before the vigt.

3.6 Analysisof variance

The reaults of the andlyss of variance regarding influence of different factors on teat con
tamination are shown in table 4. Factors are described in detall in Annex 1l. In table 4 only
those factors are presented which were sgnificantly associated with teat contamination before
cleaning, ether by evauation based on determination of TBC or ATP.

Table4: Management factors significantly associated with level of teat contamination

M anagement factor % of variance explained" Higher teat
TBC ATP contamination if

Parameters of questionnaire

Replacement of teat cleaning device 24.2* 20.5* < 1x per year

Average milking frequency 19.7* 10.7 < 2.5/day

Selection of cows for robot acceptance 19.2* 121 no

Ratio cubicles/cows 21.7* 16.0* <1

Presence of cows lying on floor 16.1* 18.4* yes

Addition of fresh bedding materid 22.7* 10.1 < 1x per day

Sdlection of cows for udder heath 27.8* 13.7 no

Use of cow brushesin the barn 28.9* 16.9* no

Cleaning of milking box 52 24.5* < 2x/day

Parameters of hygiene checklist

Score - teat cleaning device 4.4 17.1* >2

Score — qudity of bedding 35.4* 19.9* >2

Score — claw condition 46.7* 3.0 >2

Score - impression of robot 8.9 30.2* >2

Score - teat cups 74 18.7* >2

* Calculations based on mean teat contamination per farm before cleaning, either based on
TBC [Log,o cfu/ml] or ATP [Logie RLU]; * significant association with teat cleanliness (p<0.10)

Cubicle dimensgons were excluded from the andyss because recommendations vary very
much between different authors and for different body weights of cows (Anderson, 2003).
Between fams included in the study there was dso variaion in breeds (Holstein Black and
White, Red Holgtein). Due to these reasons it was difficult to set a common standard. It can be
expected that cubicle dimensons have an important influence on cow deanliness. On the
other 9de Sunderland et d. (2002) found acceptable cleanliness for more than 50 % of cows
athough 100 % of cubicles faled to achieve a satisfactory tota cubicle score when dimen
sons were evauated in relaion to cow deanliness. No dingle factor of cubicle dimensons
could be determined with overd| sgnificance for cow cleanlinessin that study.

10



Some of the factors presented in table 4 were sgnificantly associated with test contamination
only when the evauations was based on either TBC or ATP. This is probably due to the fact
that some factors are more directly associated with bacterid contamination of teats whereas
others affect other kinds of test contamination than bacteria

Some of the important management factors are directly related to the teet cleaning process
itself. Mantenance of teat cleaning devices in not too long intervals is important because de-
vices loose ther function with age and may lead to increased teat contamingtion levels over
time. Checking the visud gppearance of teat cleaning devices may give indications for re-
duced cleaning efficency. In addition, high levels of test contamination can be respongble for
a poor hygiene gatus of the test cleaning device if the device is not cleaned in regular inter-
vas.

A high average milking frequency is associated with more frequent cleaning of teets and as a
consequence reduced levels of teast contamination. For the same reason selection of cows for
robot acceptance may be important, because it can be assumed that cows not visting the AM
sysem voluntarily have a lower frequency of milking and teat cdeaning. Unfortunately no data
were avalable on average milking frequency of individud cows sampled during the investi-
gation.

A number of factors is related to cleanliness of cubicles. Teats are likely to be less contami-
nated if clean cubidles are avaladle. If less than one cubicle per cow is avalable the number
of occupied ddls is probably high. Gaworski et d. (2003) determined a positive correlation
between ddl usage and sadl contamination. Opportunities for cows to sdect clean cubicles
are reduced if the number of free cubicles is low. More intensve efforts to clean cubicles may
be necessary to compensate for higher stocking densities.

If severe redtrictions for lying down or getting up are present cows may prefer not to use the
cubicles, but to lie on the dleys which leads to higher test contamination. Therefore the pres-
ence of cows lying on dleys can be interpreted as an obvious dgn for improper cubicle de-
sgn. Other reasons may be improper training of heifers to use cubicles.

An extreme gStuation was observed on one farm where cows were kept in the former barn for
heifers. Cubicles were far too smdl and cows had serious problems in lying down or getting
up. On thisfarm 15 % of cows preferred lying on the dleys.

Tota bacterid counts in fresh bedding had no dgnificant influence on contamination of teets,
but the qudity of bedding materid as determined by visud evaduaion was important. When
visud agppearance of bedding was scored as moderate or poor it was probably of very bad
quality thus contributing to higher teat contamination.

More important than TBC in unused bedding is probably the bacterid load in used bedding
materid which is influenced by the frequency of adding new bedding. Addition of fresh bed-
ding materid to cubicles at least once per day reduced bacterid contamination of teats. Fresh
bedding limits facilities for bacterid growth due to less humidity.

A corrdation between contamination of lying area surface and contamination of teat surfaces
was observed by Reithmeier et d. (2004), but only for enterococci and anaerobic spore form-
ers. Also the generd cow cleanliness may be influenced by the quadity of used bedding. Sur
derland et d. (2002) found a sgnificant association between soiled bedding and higher flank
contamination.

Cows with madtitis may contaminate cubicles with high numbers of bacteria when lesking of
milk occurs. Sdection of cows for udder headth may reduce the contamination risk of cubicles
and is indirectly associated with lower bacterid counts on teets. Selection of cows for udder
hedlth could dso be pat of a maditis control programme in addition to providing a clean e
vironment, which is more directly associated with teat contamination. Good housing condi-
tions will dso reduce the risk for madtitis. Reneau et d. (2003) determined a correlation le-
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tween hygiene scores of udder and rear legs/feet with somatic cdl count in milk of individud
COWS.

The association between use of cow brushes in the barn and test cleanliness is difficult to e-
plain. When no brushes are used this can be interpreted as a sign that cow comfort plays a
minor role for the farmer. Also the deaning of the milking box has probably no direct influ-
ence on teat cleanliness, but more likdy reflects the generd attitude of the farmer towards
hygiene as does the generd impresson of the robot. The hygiene status of teat cups seems to
be a consequence of teat contamination rather than a cause. However, the outer surfaces of
teat cups can contribute to teat contamination during attachment of the milking cluster as wll.

Remarkable is that claw condition explained 47 % of variance when the evaluaion was based
on bacterid contamination of teats. One explanation for these findings is that when claw con
dition is poor, cows may contaminate thelir udders more easly eg. by more frequent lying.
Difficulties during lying down or getting up could aso be a cause for more contacts between
claws and udder in such cows. In addition, poor claw condition may negativey influence
milking frequency and therefore cleaning frequency of teats. More likdy bad clawv conditions
ae an expresson of very unsuitable conditions in the barn which negativdy affect claw
hedth and teat contamination. Significant associations between udder and leg hygiene scores
were determined by Schreiner and Ruegg (2003). It can be assumed that with good manage-
ment of animal hedth dso more attention is paid on cow comfort and cow cleanliness.

In interpreting the results it should not be forgotten that for some management factors which
are expected to be important for teat cleanliness no variability occurred between farms and
were therefore not included into the andyss of variance. The fact tha the mgority of fams
practised cubicle cleaning twice per day, shearing of udders and cutting of tal brushes shows
that these are generally accepted hygiene measures to keep cows clean.

In this study no efforts were made to determine the correlation between teat cleanliness or teat
deaning efficency and milk qudity, because only one bulk milk sample was avaladle for
determination of differential bacterid counts. Also data on total bacterid counts were not
available on dl farms throughout a longer period and TBC gives only redricted informetion
on potentid causes of falures in milk qudity. Results from earlier investigations showed that
even with a high number of fams it is difficult to show any rdaionship of management fac-
tors to milk qudity. Reithmeier et d. (2004) could only prove a relaionship between con-
tamination of teets, bedding materiad and milk quality for anaerobic spore formers but not for
other bacteria During an invedtigation incuding 124 fams Van der Vot and Ouweltjes
(2003) detected no influence of management on milk qudity. This is probably due to the mul-
tiple factors influencing milk qudity meking the determination of the contribution of sngle
factors difficult or impossible.

Cary over of materid from teat surfaces into milk can be reduced by milking techniques
which effectivdly redrict teat washing during milking. Other origins than madtitis pathogens
and bacteria from milk contact surfaces contribute Sgnificantly to bacterid counts of bulk
tank milk, especidly if a maditis problem or falures in system cleaning exist. In addition,
effective cooling can limit bacterid growth during milk storage.

The fact, that in this sudy an association between management factors and teat contamination
was determined is probably due to the fact that these are more closely related.

In generd, farmers may be able to compensate for sub-optimal conditions by appropriate ty-
giene management, whereas the best conditions will not maintan cows clean if mantenance
is neglected. Appropriate congtruction of barns can support farmers but recommendations are
not yet uniform and alot of research is currently performed to improve housing conditions.



4  Conclusons

The evauation of teat cdeaning efficiency on different farms working with AM sysems of 6
different brands reveded that dthough differences between the different systems exis man-
agement factors are equaly important to ensure clean teats before milking. Cows entering the
AM sysem with very dirty teats will not be deaned aufficiently and may contribute to high
bacterid countsin bulk tank milk.

High coliform counts in bulk milk of individud farms indicaed insufficient teat deaning
andlor falures in sysem deaning on 8 fams By deermination of differentid bacterid
counts problems with milk qudity may be detected even before TBC in bulk milk increases
above 10000 cfu/ml. Differentid baecterid counts dso give hints for potentid origins of a
problem.

The evduation of management practices showed a sSgnificant association of certain factors
with the average teat contamination level on farms.

AM specific management factors associated with high teat contamination were: replacement
of teat cleaning device < once per year, moderate/poor status of the teat cleaning device, aver-
age milking frequency per day < 2.5 and no selection of cows for robot acceptance (p<0.10).
Factors not directly rdlated to AM involved contamination of cubicles less than one cubicle
per cow, cows lying on dleys present in the herd, addition of fresh bedding materid < once
per day, no sdection of cows for wder hedth, moderate/poor status of bedding materia and
moderate/poor status of claws were significantly related to high teat contamination.

Additional factors like the general impresson of the robot, cleaning frequency of the milking
box, status of teat cups and the use of cow brushes in the barn were probably more closely
related to the generd attitude of the farmer towards hygiene than to teat cleanliness.

Other factors can be regarded as generally accepted hygiene measures, because nearly dl
farmers practised cubicle cleaning twice per day, shearing of udders and cutting of tall heads.
These measures should therefore be a basis to which other management factors are added.

In interpreting these data it has to be regarded that only 18 farms could be included into the
sudy. The invedtigation of management factors was based on farmers’ answers to a question
naire without any means to check for rdiability of these data. In severd cases vaues had to be
combined to one value to gpproximate a more uniform distribution.

Although the cause and effect rdaionship between parameters used to evduate hygiene man-
agement on farms and teat cleanliness was not dways very strong these factors should be con+
Sdered when improvements of teat cleanliness are intended. Even with very good conditions
it will be unavoideble that individud cows will have soiled teats but fam management
should am for clean udders in the mgority of cows. Apat from those factors which are spe-
cfic for AM sysems (eg. frequency of replacing of teat cleaning devices, milking frequency
efc.) it can be expected tha the other factors can aso improve teat cleanliness on farms with
conventiond milking systems.
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6 Annexl|

In the following the hygiene scores are explained which were used in the checklist on differ-
ent areas of fams with AM systems. The evauation was based on the scheme developed by
Van der Vorg et a. (2003) for hygiene checks on farms with some modifications.

Firg impresson of fam

Good: Tidy, clean, well swept
Moderate: Somewhat untidy, not well swept
Poor: Chaotic, not swept for some time, remains of feed on road

First impression of barn

Good: Clean feeding passage, dry, no remains of fodder, tidy

Moderate: Dung, remains of fodder, somewhat untidy

Poor: Dung, remains of fodder, damp, dirty, untidy

Firgt impression of robot

Good: Clean floor, walls, hoses and equipment

Moderate: Dung on floor, dried dung on wals and hoses, lightly soiled equipment
Poor: Much dung (old/fresh) on the floor and walls, dung and milk resdues on

equipment, cobwebs, thick dust-layer

Hoor of milking boxes

Good: Fresh dung only

Moderate: Much dung, dried dung in corners

Poor: Much dung (fresh/old), fodder and bedding
Teat cups

Good: Clean

Moderate: Splashed with fresh dirt

Poor: Dirty teat cups, much dried dung, much milk
Robot arm

Good: Clean

Moderate: Splashed with fresh dirt and/or damaged
Poor: Dirty, much dried dung and milk and/or damaged
Teat cleaning device

Good: Clean

Moderate: Traces of dung

Poor: Traces of dung and/or milk, worn brushes
Waiting areafor cows

Good: Fresh dung only

Moderate: Much dung, dried dung in corners

Poor: Much dung (fresh/old), fodder and bedding
Walking area benesth robot

Good: Fresh dung only

Moderate: Much dung, dried dung in corners

Poor: Much dung (fresh/old), fodder and bedding
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Feeding area

Good: Clean and dry, structurdly sound

Moderate: Old feed resdues, muddy here and there, structurally sound

Poor: Old feed resdues, muddy, dung, damp, smelly, structuraly damaged

Floor of barn

Good: Dung-free

Moderate: Lots of dung, dried dung in corners

Poor: Lots of dung (fresh/old), fodder and bedding, puddles of liquid manure

Water troughs

Good: Clean water, no sediment on bottom

Moderate: Turbid water, sediment on bottom (up to 5 cm), water smdlls stde

Poor: Turbid water, bottom not visible, more than 5 cm sediment on bottom, water
and sediment amdly

Cubicles

Good: Magority of cubicles clean and dry, fresh bedding

Moderate: Mgority of cubicleswith some dung, urine or milk

Poor: Magority of cubicles smeared with much dung, urine, milk and old bedding

Qudlity of bedding

Good: Storage dry, under roof, clean, good smell

Moderate: Storage under roof or covered, damp, musty smell

Poor: Storage not under roof or covered, damp, dirty, musty smell

Generd cleanliness of cows

Good: Magority of cowswith clean and shaved hindquarters and tail

Moderate: Mgority of cows smeared with dung and urine

Poor: Magority of cows smeared with much wet dung and urine

Shearing of udders

Good: Udder just sheared

Moderate: Udder sheared some time ago

Poor: Udder not sheared

Claw condition

Good: Magjority of cows with clawsin good care condition

Moderate: Mg ority of cows with clawsin moderate care condition

Poor: Magjority of cowswith clawsin poor care condition
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7 Annexll

In the following the varigbles used for the anadyss of variance are liged together with the
number of fams for which information was avalable for the respective parameter and the

codes used to summarize the results.

General housing n Caoding

Ratio cows/cubicles 18 <1,>1

Ratio cows/feeding places 18 <1,>1

Separation between feeding and lying area 17 YES, N0

Separation box for AM system in use 18 Y€es, no

Number of caving boxes 18 <1,>1

Cubiclesin cdf rearing area 18 YES, N0

AM system n Caoding

Average milking frequency per day 18 <25,>25

Minimum milking interva (hours) 15 <5>5

Maximum time until cows are fetched (hours) 15 <12,>12

Conventiond milking sysem availeble 18 yes, no

Duration of udder cleaning (seconds) 17 <40, >40

Replacement of teat cleaning device per year 15 <2,>2

Use of teat dip 18 yes, no

Cleaning milking box per day 18 1,>1

Cleaning of robot arm per day 18 <1,>1

Cleaning of waiting area per day 15 < 1x per month,
> 1x per month

Cleaning of walking area next to robot per day 18 <1,>1

Lying area n Coding

Type of cubicles 18 mattress, deep bedded
ddls, both

Floor of cubicles 18 concrete, mattress

Bedding 18 no bedding/sand,
straw/chopped straw, saw-
dust/wood shaving

Bacterid counts in bedding materid [Loguo/g] 16 <7.0,>7.0

Addition of new bedding to cubicles per day 15 <1x, >1x

Desnfection of cubicles 18 yes, no

Hoor of dleysinlying area 18 datted floor, concrete floor

Manure scraper 18 YEs, o

Frequency of cleaning of aleys per day (me-

nure scrgper and/or manua cleaning) 18 0,>1

Slatted floor plus manure scraper 13 YES, N0
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Feeding area n Coding
Hoor feeding area 18 datted floor, concrete floor
Manure scraper in feeding area 18 Y€es, no
Manure scrgper and/or manua cleaning in

feeding area 18 Y€s, No
Frequency of roughage supply per day 18 1,>1
Additiond concentrate supply in the barn 18 YES, N0
Cow management n Coding
Use of cow brushesin the barn 18 Y€s, No
Frequency of udder shearing per year 16 <1,>1
Shearing of talls 17 Y€S, No
Frequency of tail shearing per year 15 <1,>1
Frequency of cutting tall brush per year 18 <1,>1
Regular interva for claw caring 18 yes, no
Frequency of claw caring per year 15 1,>1
Cowslying on dleys present in herd 18 YES, N0
Sdlection for udder hedth 18 yes, no
Sdlection for robot acceptability 18 Y€S, No
Sdlection for udder hedth 18 Y€s, No
Sdection for claw hedth 18 YES, N0
Sdection for activity 18 YES, N0
Variables of checklist n Coding
Firgt impresson of fam 18 1,>1
Fird impresson of barn 18 1,>1
First impression of robot 18 1,>1
Floor of barn 18 1,>1
Cubicles 17 1,>1
Quality of bedding 16 1,>1
Weater troughs 18 1,>1
Waiting areafor cows 18 1,>1
Waking area beneath robot 8 1,>1
Hoor of milking boxes 18 1,>1
Teat cups 18 1,>1
Robot arm 18 1,>1
Test cleaning device 17 1,>1
Generd cleanliness of cows 17 1,>1
Shearing of udders 17 1,>1
Condition of claws 16 1,>1
Single use paper available at robot 18 YES, N0
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