
VIIS VIIMAST KAITSMIST

HARDO BECKER
THE EFFECT OF FOREST MANAGEMENT ON THE CARBON AND NITROGEN 

FLUXES AND STORAGES IN DIFFERENT FOREST ECOSYSTEMS
METSAMAJANDAMISE MÕJU SÜSINIKU- JA LÄMMASTIKUVOOGUDELE NING 

VARUDELE ERINEVATES METSAÖKOSÜSTEEMIDES
Professor Veiko Uri

25. august 2016

VALDEK TAMME
DEVELOPMENT OF RESISTANCE-TYPE CONTROL METHODS FOR WOOD DRYING

ELEKTRILISTE TAKISTUS-TÜÜPI KONTROLLIMEETODITE ARENDAMINE 
PUIDUKUIVATUSES

Professor Peeter Muiste
25. august 2016

MARTEN MADISSOO
SURFACE QUALITY IMPROVEMENT OF HARD-TO-CUT MATERIALS WITH 

MODIFIED CUTTING TOOL AT FINISHING TURNING
MODIFITSEERITUD LÕIKURIGA RASKESTI TÖÖDELDAVATE MATERJALIDE 

PINNAKVALITEEDI PARANDAMINE VIIMISTLEVAL TREIMISEL
Professor Jüri Olt

26. august 2016

MARKO TEDER
NON-DESTRUCTIVE ASSESSMENT OF PHYSICO-MECHANICAL PROPERTIES 

OF STRUCTURAL TIMBER AND GLULAM
PUIDU JA LIIMPUIDU FÜÜSIKALIS-MEHAANILISTE OMADUSTE UURIMINE 

MITTEPURUSTAVATE MEETODITEGA
Professor Jaan Miljan, Dr. Xiping Wang (Forest Products Laboratory, USA)

29. august 2016

ALO ALLIK
DESIGN OF DISTRIBUTED ENERGETICS SOLUTION BASED ON 

THE INCREASING OF LOCAL RENEWABLE FRACTION
HAJAENERGEETIKA LAHENDUSE PLANEERIMINE LÄHTUDES KOHAPEAL 

TARBITAVA TAASTUVENERGIA OSAKAALU SUURENDAMISEST
Professor Andres Annuk

30. august 2016

ISSN 2382-7076
ISBN 978-9949-569-46-5 (trükis)
ISBN 978-9949-569-47-2 (pdf)

 

Trükitud taastoodetud paberile looduslike trükivärvidega © Kuma Print

MANAGEMENT AND ANIMAL EFFECTS ON THE 
BEHAVIOUR OF LACTATING DAIRY BUFFALOES 

(BUBALUS BUBALIS) AND COWS (BOS TAURUS) WHEN 
ENTERING THE MILKING PARLOUR

VESIPÜHVLITE (BUBALUS BUBALIS) JA KODUVEISTE 
(BOS TAURUS) KÄITUMINE JA SEDA MÕJUTAVAD 

TEGURID LÜPSIPLATSILE SISENEMISEL

ANNEMARI POLIKARPUS

A Thesis 
for applying for degree of  Doctor of  Philosophy in 

Veterinary Medicine and Food Science

Väitekiri 
fi losoofi adoktori kraadi taotlemiseks veterinaarmeditsiini ja 

toiduteaduse erialal

Tartu 2016

A
N

N
E

M
A

R
I P

O
L

IK
A

R
P

U
S

M
A

N
A

G
E

M
E

N
T

 A
N

D
 A

N
IM

A
L

 E
F

F
E

C
T

S O
N

 T
H

E
 B

E
H

A
V

IO
U

R
 O

F
 L

A
C

T
A

T
IN

G
 D

A
IR

Y
 B

U
F

FA
L

O
E

S 
(BU

BA
LU

S BU
BA

LIS) A
N

D
 C

O
W

S (BO
S TA

U
RU

S) W
H

E
N

 E
N

T
E

R
IN

G
 T

H
E

 M
IL

K
IN

G
 PA

R
L

O
U

R



 
 

Eesti Maaülikooli doktoritööd 

Doctoral Theses of the Estonian University of Life Scences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

MANAGEMENT AND ANIMAL EFFECTS ON THE 
BEHAVIOUR OF LACTATING DAIRY BUFFALOES 

(BUBALUS BUBALIS) AND COWS (BOS TAURUS) WHEN 
ENTERING THE MILKING PARLOUR 

 

VESIPÜHVLITE (BUBALUS BUBALIS) JA KODUVEISTE (BOS 
TAURUS) KÄITUMINE JA SEDA MÕJUTAVAD TEGURID 

LÜPSIPLATSILE SISENEMISEL 

 

ANNEMARI POLIKARPUS 

 

 

A Thesis for applying for degree of Doctor of Philosophy in 
Veterinary Medicine and Food Science 

Väitekiri filosoofiadoktori kraadi taotlemiseks veterinaarmeditsiini ja 
toiduteaduse erialal 

 

 

 

Tartu 2016 



 
 

 
 

Institute of Veterinary Medicine and Animal Sciences 

Estonian University of Life Sciences  

According to verdict No 1 of May 30, 2016, the Doctoral Committee of 
the Veterinary Medicine and Food Science of Estonian University of 
Life Sciences has accepted the thesis for the defence of the degree of 
Doctor of Philosophy in Veterinary Medicine and Food Science (Animal 
health, Welfare and Behaviour).  

Opponent: Professor Lene Munksgaard 
  Department of Animal Science 
  Aarhus University 
  Tjele, Denmark 
 
Supervisors: Professor David Arney 
  Department of Animal Nutrition 

Institute of Veterinary Medicine and Animal Sciences 
  Estonian University of Life Sciences 
 

Professor Giuseppe De Rosa  
Department of Agruculture 

  University of Naples Federico II 
  Naples, Italy 
 
Defence of the thesis: 
Institute of Veterinary Medicine and Animal Sciences, Estonian 
University of Life Sciences, room A-201, Fr. R. Kreutzwaldi 62, Tartu, 
on September 22, 2016, at 10:00. 

Publication of this dissertation is granted by the Estonian University of 
Life Sciences. 

 

© Annemari Polikarpus, 2016 

ISSN 2382-7076 
ISBN 978-9949-569-46-5 (trükis) 
ISBN 978-9949-569-47-2 (pdf) 



 
 

5 
 

CONTENTS 

LIST OF ORIGINAL PUBLICATIONS ............................................................. 7 

INTRODUCTION ................................................................................................... 8 

1. REVIEW OF THE LITERATURE .......................................................... 10 

1.1 Mediterranean Italian Water Buffalo (Bubalus bubalis) ...................... 10 

1.2 Milking behaviour of buffalo cows ..................................................... 11 

1.3 Milking behaviour of dairy cows ......................................................... 12 

1.4 Buffalo and dairy cows’ entrance order into the milking parlour. . 13 

2. AIMS OF THE STUDY............................................................................... 15 

3. MATERIALS AND METHODS ............................................................... 16 

3.1 Buffaloes and farm management (I, II) .............................................. 16 

3.2 Data collection in buffalo farms (I, II) ............................................... 17 

3.3 Behavioural recordings of buffalo heifers (II) ................................... 18 

3.3.1 Pre-partum habituation phase........................................................ 18 

3.3.2 Post-partum milking phase ............................................................. 19 

3.4 Milk flow profile, milk yield and milk quality of buffalo heifers after 
calving (II) ............................................................................................... 20 

3.5 Dairy cows and farm management (III) ............................................. 20 

3.6 Data collection in dairy cow farm (III) ............................................... 21 

3.7 Statistical analysis (I, II, III) .................................................................. 21 

4. RESULTS ........................................................................................................ 25 

4.1 Consistency of entrance order in the milking parlour of buffalo cows 
(I) .............................................................................................................. 25 

4.2 Consistency of side preference in the milking parlour of buffalo 
cows (I) .................................................................................................... 25 

4.3 Consistency of stall preference in the milking parlour of buffalo 
cows (I) .................................................................................................... 27 

4.4 Effect of pre-partum habituation on buffalo heifers (II) ................... 27 

4.4.1 Behaviour in the milking parlour ................................................ 27 

4.4.2 Lactation performance ................................................................. 29 



 
 

6 
 

4.5 Stability of milking order in dairy cows (III) ..................................... 30 

4.6 Effect of diseases and number of days in group on milking order 
(III) ........................................................................................................... 31 

4.7 Breed, production and age effect on milking order (III) ................. 33 

5. DISCUSSION ................................................................................................ 34 

5.1 Buffaloes’ and cows’ entrance order into the milking parlour ........ 34 

5.2 Side preference in the milking parlour of buffalo cows ................... 37 

5.3 Effect of pre-partum habituation to milking routine on behaviour of 
buffalo heifers ......................................................................................... 38 

5.4 Effect of pre-partum habituation to milking routine on lactation 
performance of buffalo heifers ............................................................ 39 

6. CONCLUSIONS ........................................................................................... 41 

REFERENCES ........................................................................................................ 42 

SUMMARY IN ESTONIAN ................................................................................ 51 

ACKNOWLEDGEMENTS ................................................................................. 59 

ORIGINAL PUBLICATIONS ............................................................................. 60 

CURRICULUM VITAE ......................................................................................... 84 

ELULOOKIRJELDUS .......................................................................................... 89 

LIST OF PUBLICATIONS ................................................................................... 94 



 
 

7 
 

LIST OF ORIGINAL PUBLICATIONS 

The thesis is a summary of the following papers, which are referred to 
by Roman numerals in the text.  

I Polikarpus. A., Grasso, F., Pacelli, C., Napolitano, F., De Rosa, 
G. 2014. Milking behaviour of buffalo cows: entrance order and 
side preference in the milking parlour. Journal of Dairy Research, 
81 (1), 24-29.  

II Polikarpus. A., Napolitano, F., Grasso, F., Di Palo, R., Zicarelli, 
F., Arney, D., De Rosa, G. 2014. Effect of pre-partum habituation 
to milking routine on behaviour and lactation performance of 
buffalo heifers. Applied Animal Behaviour Science, 161, 1-6. 

III Polikarpus, A., Kaart, T., Mootse, H., De Rosa, G., Arney, D. 
2015. Influences of various factors on cows' entrance order into 
the milking parlour. Applied Animal Behaviour Science, 166, 20-
24. 

Authors’ contributions to the papers as follows: 

Publication I II III 
Idea and planning 
of experiment All All AP; TK 

Data collection AP; GD; CP GD; FN; FZ AP 
Data analysis AP; GD AP; GD; FN AP; TK 
Manuscript 
preparation All All All 

AP – Annemari Polikarpus; FG – Fernando Grasso; CP – Corrado Pacelli; FN – 
Fabio Napolitano; RD – Rosella Di Palo; FZ – Fabio Zicarelli; TK – Tanel Kaart; HM 
– Hannes Mootse; DA – David Arney; GD – Giuseppe De Rosa; All – all authors of 
the paper. 

  



 
 

8 
 

INTRODUCTION 

Although there are numerous studies dealing with a wide array of animal 
welfare issues, less is known on the practical aspects, such as the 
voluntary movements of farmed animals, which are related to different 
farming aspects including livestock handling, stockmanship and human-
animal interaction, and design of the farm and facilities.  

Most dairy production in Europe is intensively farmed. Many of these 
farms provide loose housing for the cows in cubicle barns, and mean 
herd size has increased steadily over recent years in combination with a 
reduction in the number of farms (EFSA, 2009). However, loose 
housing systems do not always guarantee good welfare (Rousing et al., 
2004), because in commercial farming practice, economizing is often 
achieved at the expense of animal welfare which inevitably can reduce 
individual productivity (Hemsworth & Coleman, 2011). With an increase 
in the number of animals in a herd, the possibilities to notice and identify 
individual animal welfare and health problems decrease (Raussi, 2003). 
Intensive farming systems have led to a strong demand for more 
efficient husbandry methods, which increasingly include the use of 
precision livestock farming (PLF) management. PLF comprises the 
monitoring, collection and evaluation of data from on-going processes 
(Berckmans, 2008) and it is considered to have great potential in the 
development of technology for the continuous automatic monitoring 
and improvement of animal behaviour, health, animal welfare and 
quality assurance at farm level (Wathes et al., 2008).  

There has been intense debate about the meaning of animal behavioural 
needs (Dawkins, 1983; Hughes & Duncan, 1988; Jensen & Toates, 1993; 
De Rosa et al., 2009a). Currently a consensus has been reached that, 
when animals are prevented from performing specific behavioural 
patterns, a negative psychological state may arise and animal welfare may 
be impaired (Jensen & Toates, 1993). Negative emotional states in 
animals, such as fear and frustration, may render it less likely that the 
animals will do what a stockperson wants (Dawkins, 1990). Conversely, 
a certain degree of environmental control by animals, which is achieved 
when animals are able to predict changes in the surrounding 
environment and access specific resources when needed, may induce a 
positive state of wellbeing (Napolitano et al., 2009).  
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Studies into animal behaviour in farm animal practice can help 
understand human-animal interactions because they are related to 
animals’ reactions in response to management practices, and they can be 
used as indicators of animals’ state of welfare or stress (Rangel et al., 
2014). These interactions between animal-related parameters, 
management and welfare indicators can provide information to an 
analyst about the absolute and relative risks of welfare problems as well 
as causal relationships, and this information enables the use of welfare 
assessment as a management tool (Rousing et al., 2004) for PLF. This 
thesis includes investigations into monitoring voluntary movement, 
including entrance order into the milking parlour. This, and the 
collection of milking data, can give us useful information about dairy 
animals’ behaviour around milking and consequently about their welfare.  

Studies on the behaviour at milking of dairy animals have mainly focused 
on cattle (Grasso et al., 2007; Adamczuk et al., 2011; Varlyakov et al., 
2011), and while some research on milking order has been made on small 
ruminants (Wasilewski, 1999; Margentínová et al., 2003; Górecki & 
Wójtowski, 2004; Villagra et al., 2007) little is known about dairy 
buffaloes in this regard. 

Milking procedures can affect animal behaviour, and fearful animals are 
frequently more difficult to handle. If handling and the milker-animal 
relationship is impaired, the whole milking process becomes more time 
consuming, as well as dangerous for animals and stockpersons. This is 
particularly true for buffaloes, who are sensitive even to small changes 
in the milking routine and the environment (Borghese et al., 2007; 
Cavallina et al., 2008; Caria, et al., 2011), in particular, milk ejection can 
be easily disturbed (Thomas, 2004). If buffaloes are uncomfortable, 
fearful, or in unfamiliar surroundings, they can withhold their milk, thus 
reducing the milk yield. Also, because of the small volume of their udder 
cistern, buffaloes require a period of manual pre-milking teat stimulation 
before attachment of the milking equipment to guarantee the release of 
oxytocin and good milk let-down (Thomas et al., 2005; Borghese et al., 
2007; Cavallina et al., 2008; Ambord et al., 2010; Rangel et al., 2014). Pre-
partum habituation to attendance in the milking parlour might help 
buffalo heifers to become familiar with the milking routine, and 
consequently improve milk let-down and reduce their overall stress level 
at milking.  
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1. REVIEW OF THE LITERATURE 

1.1 Mediterranean Italian Water Buffalo (Bubalus bubalis) 

The water buffalo is classified under the genus Bubalus, species bubalis. 
In Europe all buffaloes are the River type and the Mediterranean buffalo 
originates from the Indian buffalo. They have black, black and brown 
and dark grey coats. The horns are flat at the bottom, backward and 
slightly outward pointing and straightened towards the back; the tip 
points inwards. Mediterranean buffaloes have a compact conformation 
with a deep and wide chest as well as well-developed pectoral muscles. 
Compared to dairy cattle the back is short and the rump is short. The 
udder is medium-sized with squarely placed quarters and halves; the teats 
are cylindrical. The body weight of the adult female is 450-650 kg. 
(Moioli & Borghese, 2005) 

There has been little exchange of breeding buffaloes among different 
countries, and therefore each population has its own phenotypic traits 
and performances. European buffaloes are all considered to be of the 
same breed, named the Mediterranean. In Italy the Mediterranean type 
was particularly selected and it is called Mediterranean Italian Buffalo 
breed. (Borghese & Mazzi, 2005) 

In Italy, buffaloes are used as dairy animals. Their milk has a sweet 
flavour, with a white colour due to lack of carotenoids. Fat content is 
8.06 % and protein content 4.60% (Borghese et al., 2008). Buffalo milk 
is mainly used to make mozzarella cheese and, in recent years, a 
substantial increase in dairy buffalo farming has taken place (Cavallina 
et al., 2008; De Rosa et al., 2009b; Caria et al., 2011). A similar increase 
in buffalo farming is taking place in many developing countries such as 
India, Pakistan and China, where the buffalo has become an important 
milk-producing animal (Thomas et al., 2004; Borghese & Mazzi, 2005). 

In the last four decades, Italian buffalo farming has changed from 
traditional techniques, based on extensive use of marshland 
environments, to intensive systems (De Rosa et al., 2009a; Napolitano 
et al., 2013). Buffaloes are usually kept loose in paddocks close to the 
milking parlour, where the cows are mechanically milked twice a day 
(Moioli & Borghese, 2005; Borghese et al., 2008). 
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1.2 Milking behaviour of buffalo cows 

Milking routine can affect cows’ welfare, and some authors have 
suggested that thwarting of preferred behaviour may cause stress during 
milking (Hopster et al., 1998; Munksgaard et al., 2001; Rushen et al., 
2001). Machine milking involves several physical and psychological 
factors which can lead to difficulties in milk let-down, for example poor 
maintenance of milking equipment or negative behaviour of the 
stockman (Saltalamacchia et al., 2007). During milking buffaloes are 
more sensitive to stress stimuli than cattle (Thomas, 2004), and when 
they are uncomfortable they may withhold their milk (Borghese et al., 
2007). 

Buffaloes have a small udder cistern and only 5% of the milk is stored 
there; the rest of the milk is stored in the udder alveoli and small ducts 
(Thomas et al., 2004; Thomas et al., 2008a). If animals are stressed 
adrenaline is secreted, and this may reduce the supply of oxytocin 
through vasoconstriction, or by blocking the oxytocin receptors 
localised on the myoepithelial cells of the udder alveoli (Thomas et al., 
2008b).  

Since about 95% of the milk stored in the udder is constituted in the 
alveolar fraction, oxytocin is required for it to be ejected (Thomas et al., 
2004; Neglia et al., 2008). Due to this particular udder anatomy and milk 
ejection physiology, even small changes in the milking routine may 
render the animal uncomfortable and impair milk let-down. When 
buffalo milk ejection is disturbed, stockmen commonly use exogenous 
oxytocin in order to allow the complete evacuation of milk from the 
udder (Saltalamacchia et al., 2007; Neglia et al., 2008; Cavallina et al., 
2008), but this procedure can result in reduced milk ejection 
(Bruckmaier, 2003). 

When this procedure becomes routine, several detrimental effects are 
likely to occur: milking time, labour costs and drug administration costs 
increase, while animal welfare (in terms of frustration of behavioural 
needs and possible formation of abscesses consequent to frequent 
injections), fertility and stockmen’s safety (the animal’s restlessness may 
be induced by undesirable milking parlour position and entrance order, 
as well as by painful injections) decrease (De Rosa et al., 2005). 
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Buffaloes are very consistent in their milking routine, therefore, 
complete milk ejection may be easily impaired, and even small changes 
in the management routine can influence the milking process and 
buffalo behaviour during milking. It is hypothesized that buffalo have a 
high sensitivity to milking because they have only recently been 
introduced to both machine milking and early calf separation practices 
that are commonplace and have been so for some time with other dairy 
animals (Napolitano et al., 2013).  

Whereas buffaloes are sensitive to changes in the environment, buffalo 
heifers’ milk ejection may be further hindered by neophobia, as they are 
exposed to several novel stimuli associated with the milking routine. 
This can result in disturbed milk ejection (Van Reenen et al., 2002), 
increased restlessness during milking (Cavallina et al., 2008), increased 
risk of injury for the milkers (Willis, 1983), increased incidence of 
mastitis for the animals (Ivemeyer et al., 2011) and reduced welfare 
(Sutherland & Huddart, 2012). Different pre-partum strategies have been 
proposed to mitigate these detrimental effects, such as positive handling 
(Hemsworth et al., 1989), exposure to tape-recorded milking facility 
noise (Arnold et al., 2007) or familiarization with the milking parlour 
(Bremner, 1997; Das & Das, 2004). 

1.3 Milking behaviour of dairy cows 

In dairy cows up to 20% of the milk in the udder is stored in the cistern, 
while the remainder is stored in the alveolar compartment. The cisternal 
milk is easily removed by the suckling calf or by milking machine 
(Bruckmaier & Wellnitz, 2008). The alveolar milk ejection depends on 
released oxytocin concentration and myoepithelial contraction 
(Bruckmaier & Blum, 1998; Bruckmaier, 2005). In dairy practice, 
inhibition of oxytocin release often occurs during emotional stress 
(Bruckmaier & Wellnitz, 2008). Since milk ejection is a continuous 
process, an emotionally stress-free environment for the cow is crucial to 
achieve constant oxytocin release for total milk removal and complete 
udder emptying (Bruckmaier, 2005). 

Contact with a novel environment, and contact with humans, can induce 
stress responses (Hemsworth et al., 1989; Arnold et al., 2007) and reduce 
productivity (Rushen, et al., 1999a; Sutherland & Huddart, 2012) in dairy 
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cows. As mentioned earlier, the milking routine can affect animal 
welfare, and a change in this routine may cause stress during milking 
(Munksgaard et al., 2001; Rushen et al., 2001). Management practices 
which disturb milking should be avoided in order to minimise possible 
stress during farming routines (Grasso et al., 2007). 

1.4 Buffalo and dairy cows’ entrance order into the milking 
parlour. 

Several studies have shown that a consistent order of entry into the 
milking parlour is a prominent feature of the social system of dairy cattle 
(Rathore, 1982; Grasso et al., 2007; Berry & McCarthy, 2012). Similar 
results have been found with sheep (Wasilewski, 1999; Villagrá et al., 
2007) and goats (Margentínová et al., 2003; Górecki & Wójtowski, 
2004). Milking order can be influenced by several factors, for example: 
social rank (Reinhardt, 1973; Melin et al., 2006), health (Rathore, 1982; 
Flower et al., 2006) and productivity (Gadbury, 1975; Górecki & 
Wójtowski, 2004). In addition, it has been demonstrated that some dairy 
cows and buffaloes are consistent in their choice of one particular side 
of the milking parlour (Hopster et al., 1998; Paranhos da Costa & 
Broom, 2001; Grasso et al., 2007; Varlyakov et al., 2011). Some herd-
level factors such as dominance and social structure of the herd, but also 
individual characteristics such as anxiety, fear, stress and sensitivity, can 
influence side preference (Hopster et al., 1998; Prelle et al., 2004). In 
addition, behavioural lateralization may bias the choice of individual 
animals toward a particular side of the milking parlour. Behavioural 
lateralization has been demonstrated in a wide array of farm animals 
including cattle (Phillips et al., 2003; Robins & Phillips, 2010), sheep 
(Versace et al., 2007) and also horses (Komárková & Bartošová, 2013). 

Possible applications of a detailed understanding of the milking order in 
farming practice could comprise several aspects, for example, some 
cows may be fearful of the milking parlour because of the risk of injury 
during access to the parlour or during the milking process itself, and may 
therefore be reluctant to walk in that direction (Flower et al., 2006). In 
this regard, an uncharacteristically late entry into the parlour can often 
be related to health problems (Reinhardt, 1973) and can therefore be 
used as an indicator of poor health and welfare for PLF. Deluyker et al. 
(1991) suggest that systems for automated milk yield recording might be 



 
 

14 
 

used for the early detection of sick cows if these milk production 
changes can be detected prior to, or at the same time as, usual clinical 
disease diagnosis. Early detection of health problems is good for animal 
welfare – cows suffer less and need less medication, and it also saves 
money for the farmers and helps to avoid production losses.  
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2. AIMS OF THE STUDY 

Studies on the behaviour at milking of dairy animals have mainly focused 
on cattle, little is known about dairy buffaloes.  

As buffaloes are less easy to milk than dairy cows, means to improve 
their ease of milking are of importance. On large herds it is difficult for 
stockmen to monitor all cows closely. If changes in the milking order 
are indicative of health or other problems, the monitoring of any 
changes in the order could alert stockmen to such problems. This could 
therefore be a tool to add to the parameters collected routinely in 
precision livestock farming. 

Study hypotheses were: 

 Habituation to the milking process by buffalo heifers affects 
adult milking performance and behaviour in the milking parlour. 

 Dairy buffaloes, and dairy cows, show consistency in their 
entrance order into the milking parlour;  

 Entrance order position of individual dairy animals changes in 
cases of impaired health status. 

Therefore, the aims of this study were as follows: 

 To assess dairy buffaloes consistency of the entrance order and 
side preference on the milking parlour (I); 

 To study the effect of pre-partum milking habituation on 
behaviour and milk production and milk-flow profile of buffalo 
heifers (II); 

 Investigate the stability of the milking order of cows entering 
into the milking parlour of a commercial dairy herd (III);  

 To evaluate changes in milking order consequent to a change in 
health status (III).   
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3. MATERIALS AND METHODS 

Papers I and II describe studies which were carried out with dairy 
buffaloes, while paper III was focused on dairy cows. 

3.1 Buffaloes and farm management (I, II) 

The first (I) and second (II) studies were carried on three dairy buffalo 
farms located in the Campania Region of Southern Italy. The first farm 
(Farm 1) was situated in the Sele Plain (40°17′N, 15°13′E), the second 
(Farm 2) was positioned in the Volturno Plain (41°18'N, 14°15'E) and 
the third farm (Farm 3) was located on the Sele Plain (40°36′N, 15°3′E). 

In Farms 1 and 2 (I) animals were group-housed in a loose open-sided 
barn with a concrete floor in the lying area, covered with dried manure 
solids as bedding. Buffaloes had free access to an outdoor loafing area. 
After morning milking animals were offered a complete mixed diet for 
ad libitum consumption. Clean water was available at all times from 
drinking troughs. 

In Farm 1 all buffalo cows were primiparous and had been brought from 
several farms in the surrounding area as pregnant heifers. On this farm, 
the bulls were kept together with females throughout the year. 

Farm 2 practised out-of-breeding-season-mating, consisting of keeping 
the bulls with females from March to September, and therefore calving 
from between the end of January to the beginning of August, when the 
demand for mozzarella cheese is at its highest. 

In Farm 3 (II), sixteen animals were selected for the experiment from an 
artificially inseminated herd of 40 heifers, according to their estimated 
calving dates (conventional gestation length = 310 d). Animals were 
equally allocated into two groups, balanced for estimated calving date. 
These two groups were kept in separate indoor pens, with a space 
allowance of 10 m2 per head. They also had free access to an outdoor 
loafing area with an earthen floor. Each day, at 08:00 h, all subjects were 
offered a complete mixed diet based on maize silage for ad libitum 
consumption. 
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3.2 Data collection in buffalo farms (I, II) 

The milking routines of the two farms in the first study (I) were similar. 
Before milking, whole groups entered the waiting area (approximately 
100 and 120 m2 for farms 1 and 2, respectively) and, within the social 
constraints of the group, the animals were free to choose their position 
in relation to the side and entrance order into the milking parlour (i.e. 
there was no intervention by the stockman). The two sides of the parlour 
were identical and access to both sides was allowed through 
pneumatically operated gates. In the parlour, cows stood nose to tail in 
individual stalls, with entry and exit through side passages. In each stall, 
the identity of the cow was automatically recorded by a pedometer fitted 
at the metatarsus. The milking equipment on Farm 1 was the 
AFIMILK® system (Afimilk, Israel), whereas on Farm 2 the ALPRO® 
system (De Laval, Sweden) was used. These systems allow the collection 
of all data from the milking parlour, including the time of milking, 
number of milking stall, milk yield, and duration of milking. The auto-
tandem milking system allows cows to enter the parlour as soon as a stall 
becomes available. The entrance order number was determined on the 
basis of time of milking. Thus, the earlier a cow was milked the lower 
was its entrance order number. For each milking session, the entrance 
order in the milking parlour ranged from 1 to 57 for Farm 1, from 1 to 
55 for group 1 of Farm 2 and from 1 to 36 for group 2 of Farm 2. During 
the data collection period no animals were added or removed from the 
three groups. 

From Farm 1 one-hundred-thirty consecutive milkings per cow (from 
mid-July to the end of November) of a group of 57 primiparous cows 
were used in this study. Buffaloes were milked in the morning once a 
day with 2x5 auto-tandem milking parlour. The age at calving was 37.2 
± 1.1 months. The mean days in milk and milk yield per milking session, 
at the beginning of the experiment were 135 ± 22 d (median = 132 d, 
range = 102 - 166 d) and 5.9 ± 1.5 kg (median = 5.8 kg, range = 3 - 10.5 
kg), respectively. 

In Farm 2, two milking groups were used. In the first group 120 
consecutive milkings per cow were collected (from mid-March to mid-
May) from 55 buffalo cows (three primiparous, 16 secondiparous and 
36 multiparous; range=1-8), while in the second group 92 consecutive 
milkings per cow (from the end of March to mid-May) from 36 buffalo 
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cows (12 primiparous, 10 secondiparous and 14 multiparous; range=1-
10) were recorded. Buffaloes were milked twice a day in a 2x6 auto-
tandem milking parlour. The mean days in milk at the beginning of the 
experiment was 59 ± 27 d (median = 60.5 d, range = 3 - 103 d) and 136 
± 88 d (median = 114 d, range = 57 - 290 d) for groups 1 and 2, 
respectively. Milk yields per milking session at the beginning of the 
experiment were 6.2 ± 2.1 (median = 5.5 kg, range = 1.9 - 11.3 kg) and 
3.4 ± 1.1 kg f (median = 3.3 kg, range = 1 - 6.7 kg) or groups 1 and 2, 
respectively. 

In the second (II) study (Farm 3), carried out from February to May, 
sixteen heifers with the closest estimated calving dates (over a 2-week 
period) were used. The animals, with an age ranging from 30 to 44 
months at the start of the study, were allocated equally into two 
treatments, which were balanced for the estimated calving date. Eight 
animals received pre-partum habituation for 10 days before the estimated 
calving date (group H), while the eight others received no habituation 
and served as the control (group C). The milking parlour, a 2x3 auto-
tandem, was equipped with the ALPRO® system (De Laval, Sweden). 
The herd was milked twice a day (05:30 and 17:00) by the same two 
stockpersons throughout the experiment. 

3.3 Behavioural recordings of buffalo heifers (II) 

3.3.1 Pre-partum habituation phase 

During the pre-partum habituation sessions, group H animals were moved 
to the milking parlour and remained for 10 min in the milking stall once 
a day (at the end of the afternoon milking). During this time, the udder 
was thoroughly washed with warm water, wiped with a disposable towel 
and massaged by the stockperson. The massage included stripping of the 
teats. Behavioural observations were performed at the first day of 
entrance into the milking parlour and then at 3-day intervals until 
calving. For subsequent statistical analysis only the first three habituation 
sessions (days 0, 3 and 6) were used, because calving occurred within 8-
15 days (median= 12.5 d) after the start of habituation and, only five 
animals calved after day 9 of the habituation phase.  
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The behaviours, registered from entrance into the milking stall to exit, 
were step (foot lifted less than 15 cm off of the ground) and kick (foot 
raised above 15 cm off of the ground, even if a clear kick was not visible), 
as these are considered to be indicators of agitation in cattle and 
buffaloes (Munksgaard et al., 2001; De Rosa et al., 2005). In addition, 
defecation, urination and vocalisation were recorded and combined as a 
single activity, as suggested by Rushen et al. (2001). A trained observer, 
positioned in the pit, continuously recorded the behaviour of the 
animals. The variables were expressed as number of occurrences per 
minute. 

3.3.2 Post-partum milking phase 

Heifers from both groups after calving were left in the home pen with 
their calves and brought into the milking parlour within 12 h of calving. 
They were then moved, without the calf, into a mixed group comprising 
H and C cows as well as primiparous and multiparous non-experimental 
cows. With all the animals combined (experimental + non-
experimental), there were 36 buffaloes, with a space allowance of 18 m2 
per head. Behaviours in the parlour were observed during the first 
milking, and then on a further seven afternoon milkings (on days 3, 6, 
13, 20, 27, 41 and 55 after calving). Udder preparation and behavioural 
recordings from entrance into the milking stall until the removal of the 
milking cluster, were the same as those observed during the pre-partum 
habituation. Heifers showing no sign of milk release after 90 seconds 
from the attachment of the milking cluster were injected intramuscularly 
with 2 ml (20 International Units) of exogenous oxytocin (Ipofamina, 
Laboratories Biové, France). Any behavioural reactions at the time of 
oxytocin administration (i.e. during the injection) were not recorded, as 
they could have been a direct response to the puncture, but subsequently 
observations continued as scheduled, as possible subsequent effects of 
the injection were considered negligible in comparison with the general 
response of the animals to the milking procedures. One heifer from 
group H suffered uterine prolapse soon after calving. This animal was 
not included in the subsequent recordings or statistical analyses.  
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3.4 Milk flow profile, milk yield and milk quality of buffalo 
heifers after calving (II) 

Milk flow profiles and milk quality variables were determined on seven 
occasions (days 3, 6, 13, 20, 27, 41 and 55 after calving) along with 
behavioural recordings. Milk flow profile variables were measured with 
an electronic mobile milk-flow-meter (Lactocorder WMB, Switzerland). 
The following variables were recorded: total milk yield (kg); milk yield in 
the first 3 min (kg); duration (min) of whole milking (from attachment 
until cluster removal); duration (min) of pre-milking phase (from cluster 
attachment until a milk flow ≥0.5 kg/min), duration (min) of increasing 
phase (from milk flow rate >0.5 kg/min until the start of the plateau 
phase), duration (min) of plateau phase (phase of steady flow); duration 
(min) of decreasing phase (from the end of the plateau phase to milk 
flow > 0.2kg/min); duration (min) of main milking phase (sum of 
increasing, plateau, and decreasing phases, i.e. starting with a milk flow 
≥ 0.5 kg/min and ending with a milk flow ≤0.2 kg/min); duration (min) 
of overmilking phase (from the end of the main milking phase to cluster 
removal with a milk flow ≤0.2 kg/min.); maximum milk flow (kg/min); 
mean milk flow (kg/min, calculated during the main milking phase). 
Subsequently, individual milk samples were withdrawn from the sample 
bottles attached to individual milking units and placed into 40-ml plastic 
tubes. Samples were analysed for lactose, fat and protein contents (IDF, 
1990) using an infrared spectrophotometer (Milko Scan 605; Foss 
Electric, Hillerød, Denmark) and for somatic cell count (IDF, 1995) 
using a Somacount 300 (Bentley Instruments, Chaska, USA). 

3.5 Dairy cows and farm management (III) 

In the third study (III) a commercial loose housing cowshed was used. 
Lactating cows in-milk were managed in seven feeding groups according 
to lactation stage (groups were of 60–80 cows each) and were milked in 
a 2 × 12 parallel milking parlour, equipped with the ALPRO® system 
(DeLaval, Sweden), three times per day. Cows were milked in the 
morning (from 5.00 to 9:00) in the afternoon (from 12.00 to 17:00) and 
in the evening (from 19.00 to 23:00). The walking distance from the 
housing to the milking parlour varied from 50 to 300 m, depending on 
the cows’ group location within the cowshed. Prior to milking the whole 
group entered into a waiting area (of a size of 171.5 m2), which was 
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situated next to the milking parlour; this was equipped with a moving 
crowd gate to drive the cows gently towards the parlour. All cows were 
zero-grazed and fed a grass silage-based total mix ration and housed in 
the same cubicle loose-housing cowshed with a size of 2,960 m2. Average 
stocking density was 41 m2 per cow.  

3.6 Data collection in dairy cow farm (III) 

The dataset was collected from January to June with a total of 237,434 
milkings from 692 dairy cows (385 Estonian Holstein and 307 Estonian 
Red cows). At the entrance to the milking parlour each cow was 
identified automatically on passing an identification gate (DeLaval Multi 
Reader). Cows’ identification numbers, with entrance time, milking 
duration and individual milk yield were recorded and transferred to the 
computer of the cowshed ALPRO® management information system 
(MIS). Health problems of the cows were also registered: the cows’ 
health data for the MIS were identified and entered manually by a 
veterinarian. Identified cows were treated with a proprietary medicine 
but were not separated from the herd. 

3.7 Statistical analysis (I, II, III) 

In the first study (I), for each milking group, the consistency of the 
entrance order was estimated using the Kendall concordance coefficient.  
This statistical test allows the measurement of the extent of association 
among several milking sessions of several cows (Siegel, 1956). In 
addition, in order to test whether the consistency of entrance order was 
influenced by the temporal proximity of milking sessions, a reduced data 
set was used. For each milking group, the first 15% and the last 15% 
milking sessions were used. Thus, 40 (20+20), 36 (18+18) and 28 
(14+14) milking sessions were used for Farm 1, group 1 Farm 2 and 
group 2 Farm 2, respectively. The correlations between mean entrance 
order vs. mean milk yield, mean days in milk and mean duration of 
milking were calculated using the Spearman correlation coefficient. The 
same test was used to calculate the correlations between mean entrance 
order and parity within group 1 Farm 2 and group 2 Farm 2. For each 
cow, side preference in the milking parlour was assessed using the χ2one-
sample test, with 50% as the expected frequency. However, it was 
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considered to be a side preference only if an animal chose a particular 
side on more than 80% of the milking sessions, a high threshold that 
was set to reduce the error of side choice by chance. For the animals 
showing side preference, the preference for one stall out of the 5 (Farm 
1) or 6 (Farm 2) available on each side was assessed using the χ2 one-
sample test, with 20% (Farm 1) or 16.7% (Farm 2) as expected 
frequencies. It was considered a stall preference only if an animal chose 
a particular stall on more than 40% (Farm 1) or 34% (Farm 2) of the 
milkings occurring on the preferred side.  

In the second study (II), the animal was used as the experimental unit. 
The combined activity of defecation/urination/vocalisation was 
observed so rarely that it was not included in the statistical analysis. For 
each variable the assumptions for parametric tests were checked before 
data were analysed. The Shapiro-Wilk’s test across the levels of each 
factor was used to test the normality of distribution, and for each factor 
homogeneity of variance was assessed with Levene’s statistic. The 
numbers of steps and kicks recorded during the behavioural 
observations violated the assumptions for parametric analyses and 
transformation of the original data also infringed these assumptions. 
Therefore, nonparametric tests were used for the analysis of these 
variables. The numbers of steps and kicks recorded during pre-partum 
habituation were analysed with the Friedman test, using days of 
habituation (0, 3 and 6) as factor. When significant effects were found, 
the differences between days were evaluated by the Wilcoxon test. For 
each day after calving, the numbers of steps and kicks were analysed with 
the Mann-Whitney test using treatment (H and C) as factor. For each 
group the Friedman test was used with days after calving (0, 3, 6, 13, 20, 
27, 41 and 55) as factor. All other variables recorded after parturition 
were analysed with a linear mixed model, with treatment (H and C) as 
non-repeated factor, and days after calving (3, 6, 13, 20, 27, 41 and 55) 
and treatment x time as repeated factors. Heifer variance was considered 
to be random and was used as the error term to test the main effect of 
treatment. Eleven milk flow profiles derived from oxytocin-injected 
animals, and the corresponding data for milk quality, were excluded 
from statistical analysis. Logarithmic transformation was used to 
normalise the skewed distribution of the somatic cell count data. Where 
appropriate, the Tukey test was used to identify differences between 
least squares means. Comparison of the prevalence of oxytocin injection 
at milking between the treatments (number of oxytocin injections used 
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during the behavioural observations/number of observed milkings) was 
carried out with the χ2 test. 

In the third study (III), on average the cows were in the study for 117 
days and had 343 milkings (due to errors in automatic data recording 
only 93% of days per cow had data from three milking sessions). For 
each milking session and feeding group, cow milking order within the 
group was determined based on automatically registered entrance times, 
and for each cow the position in milking order was selected as the study 
variable. A milking session describes each of the three daily milking 
events, and the milking session order is the order of entrance into the 
parlour within each of these sessions. The daily milking order is the 
mean of these three events from each day. 

To investigate the stability of milking order, single cow's 1st to 
10th order autocorrelations were calculated for each milking session and 
then meaned over all cows. Within-day mean position data per cow from 
combined milking sessions were also calculated and analysed in the same 
way. For comparison, the same analysis was also performed with 
automatically recorded milk yield and milking duration data. 

To study the stability among three milking sessions within day, 
Spearman rank correlation coefficients between cows’ positions at three 
milking sessions were calculated. Analyses were initially performed 
based on single milkings, and subsequently on the cows’ mean values 
(evaluated as three mean milking order positions for each cow 
corresponding to three different milking sessions). 

In addition, the differences in milking order subsequent to the days 
following the introduction of a new cow were analysed. In order to be 
included in the analysis a threshold of 16 days’ membership of a group 
was selected. There were 528 cows that satisfied this criterion. 

The effects of diseases on milking order were studied by performing 
pairwise comparisons with the t-test of diseased (medicated) days and 
healthy (unmedicated) days. In these comparisons only cows with both 
diseased and healthy days were used. As health problems were not very 
common only three diseases were studied: mastitis (based on n = 69 
cows), metritis (n = 51) and pneumonia (n = 30). 
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The relationships of milking order with milk production and quality 
traits, milking duration and cows’ age were analysed by Spearman 
correlation analysis. 

Data were managed and analysed with MS Excel 2003, the statistical 
software SAS 9.1. (SAS, 2004) and SPSS (SSPS, 2009).   
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4. RESULTS 

4.1 Consistency of entrance order in the milking parlour of 
buffalo cows (I) 

In Farm 1 a consistency of entrance order into the milking parlour was 
found either for the complete data set (W=0.658; χ2= 4792.81; P<0.001) 
or the reduced data set (W=0.651; χ2= 1457.251; P<0.001) More 
productive cows tended to enter the milking parlour first (rs=-0.221; 
P<0.10).  

In Farm 2 – group 1, a strong consistency of entrance order into the 
milking parlour was found either for the complete data set (W=0.779; 
χ2=5046.81; P<0.001) or the reduced data set (W=0.718; χ2=1395.24; 
P<0.001). Animals with a higher day in milk tended to enter the milking 
parlour later (rs=0.243; P<0.10). More productive cows tended to enter 
the milking parlour first (rs=-0.215; P<0.10). Negative correlations were 
found between mean entrance order into the milking parlour vs. 
duration of milking and (rs=-0.265; P<0.05) and vs. parity (rs=-0.319; 
P<0.05). 

Similarly to the previously described groups, in the second group (group 
2) in Farm 2, a strong consistency of entrance order into the milking 
parlour was found either for the complete data set (W=0.624; 
χ2=2030.48; P<0.001) or for the reduced data set (W=0.657; χ2=643.66; 
P<0.001). Animals with higher day in milk entered the milking parlour 
later (rs=0.334; P<0.05). A negative correlation was found between mean 
entrance order into the parlour and parity (rs=-0.325; P<0.05). No 
significant correlations were found among the other variables collected. 

4.2 Consistency of side preference in the milking parlour of 
buffalo cows (I) 

In farm 1 twenty-seven cows (47.4%) preferred the right side of the 
milking parlour, 25 the left side (43.8%) and the remaining five (8.8%) 
showed no preference (Fig. 1).  
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Fig. 1. Percentage of buffalo cows from the three milking groups expressing side 
preference in the milking parlour. A preference was considered as such only when 
animals chose a particular side on more than 80% of occasions (Paper I). 

Thirty-three out of 52 animals (63%) showing preference were milked 
on 100% of occasions on the preferred side, whereas for the remaining 
nineteen this occurred on 81-99% occasions (Table 1). 

In Farm 2 – group 1 all the animals showed a side preference. Twenty-
eight cows (50.9%) preferred the right side of the milking parlour and 
the remaining 27 (49.1%) the left side (Fig. 1). Thirty-six out of 55 
animals (65%) were milked on 100% of occasions on the preferred side, 
and the remaining nineteen on 87-99% occasions (Table 1). 

 Table 1. Distribution of animals according to different levels of a side preference 
(Paper I). 

Proportion of milking on the 
preferred side, % 

Farm 1, 
n (%) 

Farm 2 Group 1, n 
(%) 

Farm 2 Group 2, n 
(%) 

    
100 33 (63) 36 (65) 27 (79) 
95-99 13 (25) 13 (24) 5 (15) 
90-94 2 (4) 5 (9) 1 (3) 
85-89 1 (2) 1 (2) 1 (3) 
81-84 3 (6) - - 
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From the second group (group 2) of Farm 2, thirteen cows (36.1%) 
preferred the right side of the milking parlour, 21 the left side (58.3%) 
and the remaining two cows (5.6%) showed no preference (Fig. 1). 
Twenty-seven out of 34 animals (79%) showing a preference were 
milked 100% of times on the preferred side, and for the remaining seven 
animals this occurred 85-99% times (Table 1). 

4.3 Consistency of stall preference in the milking parlour of 
buffalo cows (I) 

In Farm 1 nine of the animals showing a side preference also exhibited 
a stall preference (χ2 ranged from 42.89 to 361.15; P<0.001) with 42 to 
91% of visits to the same stall. 

Seven of the animals in Farm 2 – group 1, showing a side preference 
also exhibited a stall preference (χ2 ranged from 56.38 to 163.88; 
P<0.001) with 37 to 52% of visits to the same stall. 

In Farm 2 - group 2, five of the animals showing a side preference also 
exhibited a stall preference (χ2 ranged from 38.95 to 107.58; P<0.001) 
with 39 to 53% of visits to the same stall.  

4.4 Effect of pre-partum habituation on buffalo heifers (II) 

4.4.1 Behaviour in the milking parlour 

Heifers from group H showed a reduction in the number of steps (χ2 = 
15.06, df = 2, P<0.001) and kicks (χ2 = 10.75, df = 2, P<0.01) per 
minute over the habituation period (Table 2). 

The number of steps and kicks per minute expressed by habituated and 
control animals throughout the experimental milking period are shown 
in Table 3. 
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Group H heifers performed fewer steps per minute than the control 
animals until day 20 after calving. Animals from group H also performed 
fewer kicks than control animals until day 13 after calving. In group C a 
reduction in the number of steps (χ2 = 37.50, df = 7, P<0.001) and kicks 
(χ2 = 39.56, df = 7, P<0.001) was observed as lactation proceeded, 
whereas for group H only a tendency was found (χ2 = 12.91, df = 7, 
P=0.0745 and χ2 = 12.69, df = 7, P<0.001; for steps and kicks, 
respectively). During the 24 pre-partum habituation sessions no animals 
vocalised, whereas during the 120 post-partum milking sessions one 
control animal vocalised once on the first milking, and another control 
animal vocalised twice on the same occasion. 

4.4.2 Lactation performance 

Pre-partum habituation did not significantly affect milk flow variables or 
milk quality. In addition, no significant interactions between treatment x 
days after calving were found. For the sake of brevity, only the principal 
milk flow variables are reported in Table 3. As expected, milk yield (F6,67 
= 11.16, P<0.001), milk yield in the first 3 min of milking (F6,67 = 4.64, 
P<0.001), and mean milk flow (F6,67 = 4.15, P<0.001) increased 
throughout the experimental period as a consequence of the progression 
of lactation. The duration of the pre-milking phase decreased as lactation 
proceeded (F6,67 = 6.78, P<0.001). Days after calving was also related to 
a significant decrease in milk protein (F6,67 = 10.25, P<0.001) and milk 
fat concentrations (F6,67 = 7.61, P<0.001) and somatic cell counts (F6,67 
= 3.65; P<0.001), whereas lactose contents (F6,67 = 16.79, P<0.001) 
increased with time after parturition.  

The prevalence of oxytocin injections did not differ between treatments. 
During the two months of lactation there were four oxytocin injections 
out of a total of 56 milkings (7.1%) and seven out of a total of 64 
milkings (10.9%) for groups H and C, respectively (χ2 = 0.17, df = 1, 
NS). For group H the four injections were given to two animals during 
their first milking and the third day of lactation. For group C the seven 
injections were given to four animals during their first milking and then 
on three of the previous animals on the third day of lactation. 
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4.5 Stability of milking order in dairy cows (III) 

The stability of milking order within single milking sessions was 
relatively low–the mean first order autocorrelation coefficients per cow 
corresponding to the three milking sessions were 0.14–0.16. Correlation 
coefficients of milking order positions between the three milking 
sessions within day varied from 0.45 to 0.48. Considerably more stable 
were the within-day mean positions and mean milking session order 
positions at specific sessions across days. The mean first order 
autocorrelation coefficient of within-day mean positions was 0.29. The 
milking session order was unsurprisingly less cow-specific compared 
with either milking duration or milk yield, but the values corresponding 
to the subsequent days were correlated (Fig. 2). The correlations 
between mean milking order positions in the three milking sessions 
within days were between 0.96 and 0.97 (Fig. 3). Milking order was stable 
within days, and across days, but was more variable within milking 
sessions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Autocorrelation plot of mean day values of milking order. For comparison the 
autocorrelations of milking duration and milk yield are also shown (Paper III). 
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Fig. 3. Cow mean milking order position at the 1st, 2nd and 3rd of the daily milking 
sessions. Each dot represents a single cow (Polikarpus et al., 2011). 

4.6 Effect of diseases and number of days in group on 
milking order (III) 

Of the total number of cows (692), 69 cows which were diagnosed with 
mastitis, 66 (95.7%) entered later in the order of entry than usual, while 
only three (4.3%) entered into the milking parlour earlier than usual on 
the day of treatment. On average, cows with mastitis entered 13.1 
positions later than usual (P<0.001; Fig. 4). However, this difference was 
not observed until one day before the disease was identified and 
medication began. 

Of the 51 cows with metritis, 34 (66.7%) entered into the milking parlour 
earlier and 17 (33.3%) later on the day of treatment. On average, cows 
with metritis entered into the milking parlour 2.9 positions earlier than 
they usually did (P<0.05). 
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Fig. 4. Mean±standard deviation milking order position of cows treated for mastitis 
up to three days before and after treatment (Paper III). 

Of the 30 cows diagnosed with pneumonia, 14 cows (on the day they 
received treatment) entered into the milking parlour earlier than on 
average and 16 of them later. On average, cows which were treated 
against pneumonia entered into the milking parlour 1.4 positions later 
then they usually did, but this difference was not statistically significant. 

Over all registered health treatments (865 cow days from 81,550 in total) 
the mean milking order position of diseased cows was 11.5 places later 
compared with cows without treatments (P<0.001). 

On the first day after entering a new group, newly added cows entered 
into the milking parlour 6.2 places earlier, compared to their mean 
entrance order over the study period. On the second day the difference 
was only one place and by day six the difference was zero (Fig. 5). This 
suggests that a stable entrance order of the group was established by the 
sixth day. The variation was also greatest on the first day after entering 
a group, indicating that the cow was looking for its position in the 
milking order and that this position could vary. 
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Fig. 5. Mean±standard deviation differences between cows milking order position 
during the first days in the group and mean milking order position over all milking days 
in that group (Paper III). 

4.7 Breed, production and age effect on milking order (III) 

There was almost no difference in milking order between Estonian 
Holstein and Estonian Red cows; Estonian Holsteins entered into the 
milking parlour 0.9 places before Estonian Red cows but this was not 
significant (P=0.40). 

The milking order correlations with parity, age, days in milk, milk 
production and even with milking duration were weak; the correlation 
coefficients were between -0.07 and 0.08. The only, slightly, higher 
correlation was found between somatic cell score and milking order 
position (rs=0.12) indicating that cows with higher somatic cell count 
may tend to stay behind in the order. 
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5. DISCUSSION 

5.1 Buffaloes’ and cows’ entrance order into the milking 
parlour 

Strong consistency of the order of entry into the milking parlour in all 
the groups shows that buffaloes do not enter the milking parlour 
randomly. This finding is similar to results reported for cattle (Grasso et 
al., 2007; Varlyakov et al., 2011), sheep (Wasilewski, 1999; Villagra et al., 
2007), and goats (Gόrecki & Wόjtowski, 2004). Furthermore, if the 
absolute value of the Kendall coefficient (W) of concordance is taken 
into account, it was found that buffalo cows yielded a higher value (W 
ranges from 0.62 to 0.78) than either cattle (W = 0.36, Grasso et al., 
2007) or sheep (W = 0.23, Wasilewski, 1999). This strong consistency 
was also found for the reduced data set, where the temporal distance 
among milking sessions was high (90, 42 and 32 days for Farm 1, group 
1 Farm 2 and group 2 Farm 2, respectively). Therefore, as buffaloes have 
a more consistent entrance order than other ruminants, it can be 
hypothesized that for buffaloes there is a higher motivation to maintain 
entrance order, and consequently higher behavioural disturbance if it is 
forcefully changed (e.g. by stockmen). These results with buffaloes (I) 
widen the array of dairy species showing consistent milking order and 
location preferences into the milking parlour, which may be regarded as 
a behaviour common to all dairy animals subjected to machine milking. 

Results with dairy cows (III) also indicate that cows had a consistent 
order of entry into the milking parlour. This behaviour is considered a 
prominent feature of the social system of dairy cattle which could have 
implications for farming practice, e.g. the speed of throughput of cows 
(Reinhardt, 1973; Grasso et al., 2007). 

Reinhardt (1973) found that cows’ entrance order is positively correlated 
with the social rank, with higher ranking individuals entering the parlour 
earlier than their subordinate fellows. This might mean that entrance 
order is an outcome of the motivation to feed, at least where concentrate 
feed is offered in the milking parlour. Nevertheless, in experiment (III) 
the cows were not fed concentrates in the milking parlour and yet the 
same finding was found. 
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Some authors have reported that higher yielding dairy cows (Grasso et 
al., 2007; Berry & McCarthy, 2012) and goats (Gόrecki & Wόjtowski, 
2004) enter the milking parlour earlier. Also, Rathore (1982) found that 
high-yielding cows voluntarily entered into the milking parlour earlier 
than low-yielding cows, and it was suggested that the relief from udder 
pressure through milking is a reward for the cow, and that this is the 
source of motivation to enter the parlour early. Similar to our findings, 
Adamczyk et al. (2011) found weak or no correlation between cows daily 
milk yield and the order of entry for milking. Villagrá et al. (2007) found 
that total daily production was not associated with order of sheep entry 
into the milking parlour. 

In the first study (I), there was only a tendency for more productive 
buffalo cows in two of the milking groups to enter the milking parlour 
first. In addition, in the other milking group, a significant negative 
correlation between duration of milking and order of entry in the milking 
parlour was found, which could also be explained by the higher yielding 
animals entering the parlour earlier. These results only partly support the 
hypothesis that, like other ruminants, high producing buffaloes may be 
more motivated to enter the milking parlour first. Therefore, also due to 
the low value of correlation coefficients, further studies are needed 
before giving any final conclusion. It might be expected that, as 
buffaloes produce less milk, there is less pressure on the udder prior to 
milking, and so the motivation to be milked by higher yielding buffaloes 
is less than that for cows. 

Previous works on goats (Margetínová et al., 2003; Górecki & 
Wójtowski, 2004) and cattle (Willems & Lampo, 1964) have reported 
that older animals entered the milking parlour earlier, whereas other 
studies on cattle (Gadbury, 1975; Berry & McCarthy, 2012) have shown 
different results (i.e. older cows entered the milking parlour later). In this 
study with buffaloes (I), negative correlations were found between mean 
entrance order and parity for both groups from Farm 2. These results 
may be related to the higher production and/or to the higher social rank, 
both of which are possibly associated with a higher parity. However, 
further investigations are needed about the possible effects of 
dominance and affiliative relationships on the entrance order of buffalo 
cows. 
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In the study with dairy cows (III) there were no associations found 
between milking order and milk production, nor the age nor the breed 
of the cow. 

Rathore (1982) found a significant negative correlation between average 
milking order and somatic cell count, with those cows entering the 
milking parlour earlier having a lower somatic cell count than those 
entering later. Cows with sub-clinical mastitis voluntarily preferred to 
remain at the back of the order, which is in agreement with the results 
of the current study with dairy cows (III). Cows with health problems 
maybe move towards the back of the milking order because their 
locomotion is slower than the others, or they are fearful of enduring pain 
during movement to the parlour or during milking (Flower et al., 2006). 
Avoidance of an object or event indicates animal discomfort (Broom & 
Molento, 2004). It is known that if the cows feel discomfort or are in 
pain this can cause them to be unpleasantly affected by milking (Rousing 
et al., 2004).  

In modern high-producing dairy herds it is a common management 
practice to regroup cows according to age, nutrient requirements and 
production stage to enhance productivity and profitability (Hasegawa et 
al., 1997; Raussi et al., 2005). The cows newly added into a group initially 
take a position towards the back of the established milking order, 
possibly because those animals which are moved from one group to 
another often upset the old established social order and, after a while, a 
new social order is created (Lamb, 1975). It might therefore be expected 
that new cows would move forward in the milking order as the social 
hierarchy adapts to their presence. Hasegawa et al. (1997) suggests that 
regrouping may disturb the social hierarchy and change the dominance 
rank of individuals in the herd, and found in their study with primiparous 
heifers that regrouping distressed cattle. In the current study however, 
most of the cows had already found their place in the milking order on 
the first day, and therefore any negative effects of social regrouping 
would not be identified by milking parlour entry order, at least not after 
day one. 
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5.2 Side preference in the milking parlour of buffalo cows  

Side preference was very high in all groups (I). Previous work on dairy 
cows has reported similar results in terms of general trends, although 
frequencies of side preference were much lower than those reported in 
this study on dairy buffaloes (Hopster et al., 1998; Paranhos da Costa & 
Broom, 2001; Grasso et al., 2007). Factors which could affect side choice 
could include milking technique, social behaviour, laterality, neurological 
development and daily routine, including interaction with humans 
(Hopster et al., 1998; Paranhos da Costa & Broom, 2001; Phillips et al., 
2003; Grasso et al., 2007). Dairy cows tend to select the more attractive 
side or avoid the more unattractive side (Hopster et al., 1998); therefore, 
each animal should be able to choose its favourite side of the milking 
parlour in order to feel comfortable during milking (Grasso et al., 2007). 
Entering the milking parlour from the non-preferred side might result 
in the stress response during milking (Hopster et al., 1998), which would 
reduce the animal’s milk yield (Wasilewski, 1999). Buffaloes seem even 
more sensitive to changes in the milking environment than other dairy 
animals and when they are uncomfortable they may withhold milk 
(Borghese et al., 2007). 

Although both buffalo farms were equipped with auto-tandem milking 
parlours, which makes a precise choice of the stall by the animals 
difficult, in this study (I) some of the buffalo cows showing side 
preference were nevertheless also able to express stall preference. 
Although this finding seems difficult to interpret, the high entrance 
order consistency and side preference expressed by buffaloes, along with 
other factors, such as affiliative relationships, may also have determined 
stall preference.  

This result further demonstrates that buffaloes are very consistent in 
their milking routine, order of entry and location choices. Therefore, 
these animals should be, as much as possible, free to choose location 
and time of entry based on their preferences. 
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5.3 Effect of pre-partum habituation to milking routine on 
behaviour of buffalo heifers 

Animal restlessness at milking is a possible source of injury (Hemsworth 
& Coleman, 2011). Stepping and kicking during milking may be caused 
by many different factors such as pushing of adjacent cows, lameness, 
low mineral intakes, presence of haematophagic insects, or poor 
maintenance of the milking machinery (Napolitano, et al., 2005; 
Saltalamacchia et al., 2007). However, these behavioural expressions are 
usually interpreted as indicators of agitation both in cattle (Hemsworth 
et al., 2000; Munksgaard et al., 2001) and in buffaloes (De Rosa et al., 
2005). Overall, the results indicate that pre-partum habituation can be 
effective as a means to reduce stepping and kicking during milking, and 
thus behavioural restlessness among buffalo heifers in the milking 
parlour. Machine milking also involves psychological factors (e.g. 
negative behaviour of the stockperson, calf separation, unfamiliarity to 
the milking parlour), which may increase heifer agitation. However, as 
the habituated heifers were observed to step and kick significantly less 
than the control cows during the first two-three weeks of lactation, this 
indicates that the habituated heifers were less affected by the milking 
procedures in early lactation than those that had had no habituation. 
Therefore, neophobia was likely to be the primary aspect involved in the 
induction of buffalo heifer agitation. The further finding that the control 
animals showed a reduction in these behaviours with increased time 
exposure to the milking parlour routine supports the hypothesis that 
unfamiliarity to these procedures may adversely affect their response. 
Similar results have been reported for cattle (Bertenshaw et al., 2008; 
Sutherland et al., 2012; Sutherland & Huddart, 2012; Ivemeyer et al., 
2011). In buffaloes, Cavallina et al. (2008) compared the behaviour of 
primiparous and multiparous cows in the milking parlour in early 
lactation and found that primiparous animals kicked more frequently 
compared to multiparous animals and also that only primiparous cows 
showed a significant reduction of kicking over time, which suggests that 
it could be associated with the animal’s milking experience. Habituation 
is a non-associative form of learning defined as the gradual decrease in 
agitation symptoms of a response due to repeated stimulation to novel 
harmless situations in the absence of reinforcement and punishment 
(Price, 2008). In the case of buffalo heifer habituation in the milking 
procedures, increased stockperson safety and animal welfare may be 
expected as a consequence of reduced animal restlessness. In fact, a 
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reduced incidence of stepping and kicking has been associated with 
reduced milk cortisol and improved handling of dairy cattle (Hemsworth 
et al., 1989).  

The few vocalization occurrences observed in our study were also 
reported for dairy cows: Rushen et al. (1999b) rarely recorded 
vocalisations when cows were milked in the presence of aversive or 
gentle handlers, whereas Rushen et al. (2001) recorded a reduced 
number of vocalisations in animals milked in their home stall or in an 
isolation chamber. 

5.4 Effect of pre-partum habituation to milking routine on 
lactation performance of buffalo heifers 

Sandrucci et al. (2007) found that in cattle, good udder preparation can 
result in better milking performances, such as higher milk yield per 
milking and a shorter total milking time, compared with poor udder 
preparation. Similarly, in buffaloes Bava et al. (2007) and Ambrod et al. 
(2010) suggest that appropriate pre-milking stimulation and prompt 
cluster removal are necessary in order to ensure optimal milk letdown. 
In the current study (II) both experimental groups received the same 
udder preparation before milking. 

Das & Das (2004) report that pre-partum udder massaging not only 
reduced the level of fear in primiparous cows but also reduced milking 
time by facilitating a quick letdown of milk and a higher rate of milk 
flow. In the current study (II) milk flow variables and milk quality were 
affected neither by treatment nor by a treatment x time after calving 
interaction. These different results may be attributed to the different 
animal species considered, and to the length of the treatment, which in 
the study of Das & Das (2004) consisted of a higher number of 
habituation sessions distributed over a longer period of time, and a 
higher duration of each session. As expected, milk yield, milk yield in the 
first three minutes of milking, and mean milk flow increased throughout 
the post-calving period, whereas the duration of the pre-milking phase 
decreased. Others have found a decrease in mean milk flow rate over 
the whole of lactation, and this would be expected, as the milk flow rate 
curve follows the characteristics of the lactation curve (Bava et al., 2007; 
Sandrucci et al., 2007). However, in the current study (II), only the first 
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fifty-five days of lactation were considered, and so the increase in mean 
milk flow rate observed over this early period is in accord with 
expectations.  

A significant effect of time after calving on milk protein, fat and lactose 
contents, as well as on the somatic cell count, confirm the expected trend 
for these variables in other dairy species over the course of lactation. 

In a study by Saltalamacchia et al. (2007) the prevalence of exogenous 
oxytocin injections in buffaloes ranged from 5.9 to 46.5 % per milking 
(median = 9.5 %), and those reported findings are similar to those 
observed in this study (II). However, the use of oxytocin injections 
during the trial period was lower in those heifers that had had pre-partum 
habituation, albeit not significantly. Results from this study (II) suggest 
that habituation can reduce indicators of stress and restlessness, such as 
kicks and steps, but does not improve milk flow or quality. In addition, 
frequent treatments with exogenous oxytocin to speed up milk ejection 
in buffaloes seems unnecessary and may be related to inappropriate 
milking practices and a poor human-animal relationship (Saltalamacchia 
et al., 2007). 
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6. CONCLUSIONS 

 It is concluded that dairy buffaloes express strong consistency in 
their order of entry into the milking parlour (I).  

 The majority of the animals expressed a side preference and 
most animals showing preference were milked on 100% of 
occasions on the preferred side which, along with other factors, 
may have been determining factors in the stall preference of 
those cows (n = 21) that showed stall preference. Such a strong 
consistency is likely to be related to a strong motivation to satisfy 
their behavioural needs (I). 

 Handling practices disturbing behaviour at milking (e.g. forced 
modification of entrance order, unavailability of the preferred 
side or stall) should be avoided to minimize animal stress and 
maximize farming profits, particularly in dairy buffaloes, which 
seem more sensitive than other dairy animals to changes in the 
milking routine (I). 

 Buffalo heifers exposed to a pre-partum habituation programme 
performed fewer steps and kicks than control animals during 
milking. It can be concluded that pre-partum habituation in the 
milking parlour can reduce the level of restlessness in buffalo 
heifers during milking in early lactation (II). 

 Pre-partum habituation did not affect milk flow profiles, milk 
yield nor the milk quality of buffalo heifers (II).  

 In dairy cows consistent entrance order into the milking parlour 
was found. Within a single milking session the milking order was 
quite variable, but it was stable within the different feeding 
groups of the herd (III).  

 Cows with mastitis stayed behind in the milking order compared 
to their previous position, which permits the assumption that the 
automatic monitoring of milking order could be an effective and 
low-cost way to indicate the presence of sub-clinical disease in 
an individual animal, and to discover such a problem at an early 
stage. Therefore, the regular monitoring of milking order 
position of cows could be a useful PLF management tool for 
large loose housing herds (III). 
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SUMMARY IN ESTONIAN 

Vesipühvlite (Bubalus bubalis) ja koduveiste (Bos taurus) 
käitumine ja seda mõjutavad tegurid lüpsiplatsile sisenemisel  

Sissejuhatus 

On täheldatud, et koduveiste järjekord lüpsiplatsile sisenedes on küllaltki 
püsiv ja selline käitumine tuleneb piimakarja sotsiaalsest struktuurist 
(Grasso et al., 2007; Berry ja McCarthy, 2012).  Põhjuseid, mis lehmade 
lüpsijärjekorda võivad mõjutada on uuritud vähe. Vesipühvlite 
lüpsijärjekorda varem uuritud ei ole, varasemad uuringud on peamiselt 
keskendunud pühvellehmade lüpsmise ja piimatoodangu vahelistele 
seostele.  

Võrreldes koduveistega on vesipühvlite lüpsmine keerulisem: nad on 
väga stressitundlikud ja sellepärast mõjutavad juba väikesed muutused 
lüpsirutiinis nende piimatoodangut (Thomas et al., 2004; Borghese et al., 
2007). Lüpsirutiin ning võimalus siseneda lüpsiplatsile enda eelistatud 
järjekorras ja valida ise sobiv lüpsiplatsi pool mõjutavad lehmade heaolu 
ning on leitud, et harjumuspärase rutiini muutus võivad tekitada 
loomades lüpsi ajal stressi (Hopster et al., 1998; Munksgaard et al., 2001; 
Rushen et al., 2001). Masinlüpsiga kaasneb noorloomade jaoks mitmeid 
negatiivseid psühholoogilisi tegureid, mis põhjustavad loomades ärevust 
ja tekitavad stressi, näiteks vasikast eraldamine, võõras ja harjumatu 
olukord (lüpsmine ja lüpsiplats) ning lüpsja ebameeldiv käitumine 
(Hemsworth et al., 1989; Arnold et al., 2007; Saltalamacchia et al., 2007). 
Ärevuses või stressis pühvellehmadel ei pruugi lüpsi ajal piim sõõrduda 
(Thomas et al., 2004; Borghese et al., 2007). Loomade rahutuse tõttu 
võivad nii loomad kui ka talitajad lüpsmise ajal vigastusi saada (Willis, 
1983; Hemsworth ja Coleman, 2001). Stressis loomadel väheneb 
piimatoodang ja üldine heaolu, mistõttu on nii loomade kui ka farmi 
majandamise seisukohalt oluline viia võimalikud stressitegurid 
lüpsirutiinis miinimumini (Grasso et al., 2007).  

Arvestades eeltoodut on oluline teada, mis mõjutab loomade käitumist 
sisenemisel lüpsipatsile ja sellel olles ning kuidas käitumist hinnata. See 
teadmine on vajalik, et osata vältida või vähendada lüpsmisega seotud 
stressi ja avastada varakult looma võimalikud terviseprobleemid. 
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Käesoleva väitekirja hüpoteesid olid järgmised: 

 pühvlimullikate harjutamine lüpsirutiiniga mõjutab nende 
hilisemat lüpsijõudlust ja käitumist lüpsiplatsil; 

 vesipühvlid ja koduveised sisenevad lüpsiplatsile kindlas 
järjekorras; 

 muutuseid piimakarja lüpsijärjekorras põhjustab looma 
halvenenud tervislik seisund. 

Sellest tulenevalt olid töö eesmärgid: 

 uurida poegimiseelsete pühvlimullikate käitumist perioodil, kui 
neid harjutati lüpsirutiiniga ning lüpsirutiiniga harjutamise mõju 
hilisemale piimatootlikkusele (II); 

 hinnata vesipühvlite lüpsiplatsile sisenemise järjekorra ja 
lüpsiplatsi poole (parem/vasak) eelistuse järjepidevust (I); 

 uurida koduveiste lüpsijärjekorra püsivust ja muutusi 
vabapidamisega suurlaudas (III); 

 hinnata looma tervislikust seisundist tulenevaid muutusi veiste 
lüpsijärjekorras (III). 

Metoodika 

Uuringutes vesipühvlitega (I, II) osales kokku kolm pühvlifarmi, mis 
asuvad Itaalias Campania maakonnas. 

Uuringus poegimiseelsete vesipühvlitega (II) jagati 16 lõpptiinet 
pühvlimullikat kaheks võrdseks grupiks. Esimest gruppi (H) hakati 
lüpsiplatsiga harjutama 10 päeva enne oodatavat poegimist. 
Harjutusperioodil aeti loomad iga päev üks kord lüpsiplatsile, kus 10 
minuti jooksul pesti, puhastati ning masseeriti põhjalikult pühvlite 
udarat. Loomade käitumuslikest näitajatest registreeriti lüpsiplatsil olles 
nende sammude ja jalalöökide arv minutis. Teine grupp (C) jäi 
kontrollgrupiks ja neid lüpsiplatsile ei viidud. Gruppe hoiti enne 
poegimist eraldi, kuid muus osas loomade kohtlemisel erinevusi ei olnud. 
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Kaksteist tundi pärast poegimist aeti loomad lüpsile ning peale seda 
paigutati katsealused pühvlid ühte gruppi teiste loomadega. Sammumist 
ja jalalööke lüpsiplatsil registreeriti pärast poegimist kaheksal korral 
(esimesel lüpsil ja seitsmel pärastlõunasel lüpsil 3., 6., 13., 20., 27., 41. ja 
55. päeval). Udara lüpsieelne ettevalmistus oli pärast poegimist 
samasugune nagu harjutusperioodil ja kogu eksperimendi jooksul tegeles 
lüpsipatsil loomadega kaks kindlaksmääratud lüpsjat. Kõnealuses laudas 
lüpsti pühvleid kaks korda päevas 2 x 3 auto-tandem-lüpsiplatsil. 
Lüpsiplats oli varustatud ALPRO®-süsteemiga (De Laval, Rootsi), mis 
registreeris lüpsi jooksul piimavoolu muutused (profiili) ja piima koguse. 
Katsealustelt pühvlitelt koguti piimaproovid, milles määrati laktoosi-, 
rasva- ja valgukogused, kasutades analüsaatorit Milko Scan 605 (Foss 
Electric), ja somaatiliste rakkude arv analüsaatoriga Somacount 300 
(Bently Instruments).  

Hindamaks vesipühvlite lüpsijärjekorda ja selle püsivust ning lüpsiplatsi 
poole (parem/vasak) eelistusi (I), kasutati 148 vesipühvli lüpsiandmeid, 
mis olid kogutud kahest farmist. Esimeses farmis (F1) oli 57 pühvlit, 
teise farmi (F2) esimeses grupis (G1) 55 pühvlit ja teises grupis (G2) 36 
pühvlit. Esimeses farmis lüpsti pühvellehmi ükskord päevas 2 x 5 auto-
tandem-lüpsiplatsil, teises farmis kaks korda päevas 2 x 6 auto-tandem-
lüpsiplatsil. Auto-tandem-lüpsiplats lubab loomal siseneda lüpsiplatsile 
kohe, kui lüpsikoht vabaneb. Lüpsisüsteem tuvastas looma automaatselt 
ning salvestas iga lehma lüpsi alguse ja lüpsi kestuse, samuti millisel 
lüpsiplatsi poolel lüpsmine toimus ning piima koguse lüpsikorral. 
Uuringus vaadeldi esimese farmi 130 järjestikuse lüpsi andmeid, teise 
farmi esimese grupi 120 ja teise grupi 92 järjestikuse lüpsi andmeid. 
Kindlat lüpsiplatsi poolt eelistanuks loeti loom siis, kui ta valis ühe kindla 
lüpsiplatsi poole rohkem kui 80% lüpsikordadest, ja kindlat lüpsikohta 
eelistanuks siis, kui ta valis ühe kindla koha rohkem kui 40% (F1) või 
34% (F2) lüpsikordadest eelistatud lüpsiplatsi poolel. 

Kolmanda uuringu (III) uurimisbaasiks oli Eesti suurfarm, kus veised 
olid jagatud laktatsioonijärgu ja söötmise järgi seitsmesse gruppi, igas 
grupis 60–80 lehma. Lehmi lüpsti kolm korda päevas DeLavali 2 x 12 
paralleel-tüüpi lüpsiplatsil. Enne lüpsi oli kogu grupp ootealal, mis oli 
varustatud liikuva väravaga – see lükkas loomi õrnalt lüpsiplatsi suunas. 
Sisenemisel lüpsiplatsile identifitseeriti loom automaatselt, veise number 
koos platsile sisenemise aja ja lüpstud piima kogusega salvestati lauda 
infosüsteemi (ALPRO®). Andmebaasiks võeti kuue kuu jooksul 
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(jaanuar–juuli) kogutud lüpsiplatsi andmed, kokku 692 lehma ja 237 434 
lüpsikorda. Samal ajaperioodil registreeris ja sisestas lauda veterinaararst 
arvutisse ka loomade haigestumised.  

Andmeid töödeldi tabelarvutussüsteemiga MS Excel ja analüüsiti 
statistikatarkvaraga SAS ja SPSS, kasutades järgmisi analüüsimeetodeid: 
Kendalli kooskõlakordaja, Spearmani astakkorrelatsioonikordaja, 
Friedmani test, Levene test, Hii-ruut test, Shapiro-Wilki test, Wilcoxoni 
test, Mann-Whitney test, Tukey test, t-test. 

Tulemused ja arutelu 

Tulemustest (II) selgus, et juba poegimiseelsel harjutusperioodil vähenes 
lüpsiplatsil testgrupi (H) pühvlite tehtud sammude (P < 0,001) ja 
jalalöökide (P < 0,01) arv minutis. 

Pärast poegimist tegid lüpsirutiiniga harjutatud pühvlid kontrollgrupi 
loomadega võrreldes lüpsipatsil ühe minuti jooksul vähem samme 20. 
päevani ja jalalööke 13. päevani. Tulemused näitavad, et pühvlimullikate 
poegimiseelne lüpsiplatsiga harjutamine vähendab poegimisjärgset 
rahutust lüpsiplatsil lüpsmise ajal. Laktatsiooni edenedes vähenes ka 
kontrollgrupi loomade sammumiste ja jalalöökide arv, mis viitab sellele, 
et loomad harjusid olukorraga ja muutusid rahulikumaks.  

Kõik need tulemused kinnitavad käesoleva töö hüpoteesi, et 
poegimiseelne lüpsirutiiniga harjutamine mõjutab pühvlite 
poegimisjärgset käitumist lüpsiplatsil. Sarnaseid uurimistulemusi veistega 
on kirjeldanud ka Bertenshaw jt (2008), Ivemeyer jt (2011) ning 
Sutherland ja Huddart (2012). Cavallina jt (2008) võrdlesid oma 
uurimistöös esimese ja mitmenda laktatsiooni pühvellehmade käitumist 
lüpsiplatsil vahetult pärast poegimist ja leidsid, et esmapoeginud pühvlid 
tegid lüpsiplatsil märgatavalt rohkem jalalööke võrreldes 
korduvpoeginud pühvlitega. Samuti vähenes laktatsiooni edenedes 
oluliselt ainult esmapoeginud pühvlitel tehtud jalalöökide arv, mis viitab 
sellele, et loomade käitumine lüpsiplatsil on seotud nende varasemate 
lüpsikogemustega. 

Poegimiseelse lüpsirutiiniga harjutamine ei mõjutanud oluliselt piima 
kvaliteeti ega piimavoolu profiili lüpsmise jooksul (II). Lüpstud piima 
kogus, keskmine piimavoolu kiirus (P < 0,001) ja piima kogus lüpsi 
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esimesel kolmel minutil (P < 0,001) suurenesid kogu katseperioodi 
jooksul. Need tulemused on poegimisjärgsel perioodil ootuspärased, 
kuna uuringu raames jälgiti loomi ja registreeriti nende lüpsitulemused 
laktatsiooni esimesel poolel (55 päevani). Varasemad uuringud pühvlite 
(Bava et al., 2007) ja veistega (Sandrucci et al., 2007) on näidanud, et 
laktatsiooni edenedes väheneb keskmine piimavoolu hulk vastavalt 
laktatsioonikõverale. 

Uuringu (I) tulemuste analüüsi põhjal võib väita, et pühvlitel eksisteerib 
väga püsiv lüpsijärjekord ja seda oli näha kõigis kolmes grupis. Esimeses 
farmis (F1) oli Kendalli kooskõlakordaja väärtus W = 0,658 (χ2 = 
4792,81; P < 0,001). Suurema toodanguga pühvellehmad läksid lüpsile 
pigem varem (rs= -0,221; P < 0,10). 

Teise farmi (F2) esimeses grupis (G1) oli Kendalli kooskõlakordaja 
väärtus veelgi kõrgem – W = 0,779 (χ2 = 5046,81; P < 0,001). Loomad, 
kelle laktatsioonipäevade arv oli suurem, sisenesid lüpsiplatsile hiljem (rs 

= 0,243; P < 0,10), ja suurema toodanguga pühvlid läksid lüpsile pigem 
varem (rs = -0,215; P < 0,10). Negatiivne korrelatsioon ilmnes keskmise 
lüpsijärjekorra ja lüpsi kestuse (rs = -0,265; P < 0,05) ning lüpsiplatsile 
mineku järjekorra ja poegimiste arvu (rs = -0,319; P < 0,05) vahel.  

Sarnaselt eespool kirjeldatud gruppidele oli ka teise farmi (F2) teises 
grupis (G2) lüpsijärjekord väga püsiv (W = 0,624; χ2 = 2030,48; P < 
0,001). Väiksema laktatsioonipäevade arvuga loomad sisenesid 
lüpsiplatsile pigem varem (rs = 0,334; P < 0,05). Negatiivne korrelatsioon 
ilmnes lüpsiplatsile mineku järjekorra ja poegimiste arvu vahel (rs = -
0,325; P < 0,05). Teiste kogutud andmete vahel olulist korrelatsiooni ei 
olnud. 

Esimese farmi (F1) 27 pühvlit (47,4%) eelistasid lüpsiplatsi paremat 
poolt ja 25 vasakut poolt (43,8%), ülejäänud 5 (8,8%) eelistust üles ei 
näidanud. 52 pühvlist 33 (63%) lüpsti kõigil lüpsikordadel samal 
lüpsiplatsi poolel. Ülejäänud 19 looma näitasid lüpsiplatsi poole eelistust 
üles 81–99% lüpsikordadest. 9 pühvlil, kes eelistasid üht kindlat 
lüpsiplatsi poolt, ilmnes ka lüpsikoha eelistus (P < 0,001).  

Teise farmi esimeses grupis (G1) ilmnes lüpsiplatsi poole eelistus kõigil 
loomadel. Paremat lüpsiplatsi poolt eelistas 50,9% pühvlitest ja 
ülejäänud 49,1% eelistas vasakut poolt. 36 looma (65%) 55-st lüpsti 
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samal lüpsiplatsi poolel kõigil lüpsikordadel , ülejäänud 19 looma näitasid 
lüpsiplatsi poole eelistust üles 87–99% lüpsikordadest. 7 selle grupi 
pühvlil, kes eelistasid üht kindlat lüpsiplatsi poolt, oli ka lüpsikoha 
eelistus (P < 0,001).  

Sama farmi (F2) teise grupi (G2) pühvlite lüpsiplatsi poole eelistused olid 
järgmised: 13 pühvlit (36,1%) eelistas lüpsiplatsi paremat poolt, 21 
pühvlit (58,3%) vasakut poolt ja 2 looma (5,6%) eelistust üles ei 
näidanud. Kindla poole valinud 34 loomast lüpsti kõigil lüpsikordadel 
samal poolel 27 (79%), ülejäänud 7 pühvlit lüpsti samal lüpsiplatsi poolel 
85–99% lüpsikordadest. 5 pühvlil sellest grupist ilmnes ka lüpsikoha 
eelistus (P < 0,001).  

Varasematest uuringutest koduveiste lüpsiplatsi poole eelistuste kohta 
(Hopster et al., 1998; Paranhos da Costa & Broom, 2001; Grasso et al., 
2007) selgub, et veistel esineb küll lüpsiplatsi poole eelistus, kuid see on 
märksa väiksem võrreldes pühvlitega. 

Kolmandas uuringus (III) vaadeldud veiste lüpsile mineku järjekorra ja 
aja stabiilsus üksikutel lüpsikordadel oli suhteliselt madal: keskmised 
esimest järku autokorrelatsioonikordajad, leituna iga lehma kohta eraldi 
hommikuse, lõunase ja õhtuse lüpsi tarvis, olid lüpsijärjekorra puhul 
0,14–0,16. Korrelatsioonikordaja sama päeva kolme lüpsikorra vahel jäi 
vahemikku 0,45–0,48. Märgatavalt stabiilsemad olid ööpäeva keskmised 
lüpsijärjekorranumbrid – lehmade keskmine esimest järku 
autokorrelatsioonikordaja oli 0,29. Lehmade kõigi hommikuste, lõunaste 
ja õhtuste lüpside keskmiste järjekorranumbrite ja aegade vahel ilmnes 
tugev positiivne korrelatsioon, korrelatsioonikordajad jäid vahemikku 
0,96–0,97. Seega, üksikute lüpsikordade lõikes oli lüpsile mineku 
järjekord üsna varieeruvkuid vaadatuna kõigi lüpside keskmisi 
lüpsijärjekordi ja aegu, läksid veised sarnases järjekorras lüpsile nii 
hommikul, lõunal kui ka õhtul. 

Kogu uuringu perioodil vaadeldud loomadest (692) diagnoositi 
udarapõletikku 69 lehmal, kellest 66 (95,7%) sisenes ravipäevadel 
lüpsiplatsile tavapärasest hiljem ja 3 (4,3%) varem. Keskmiselt sisenesid 
mastiidi diagnoosiga veised lüpsiplatsile 13,1 (P < 0,001) kohta tagapool 
kui tavaliselt.  
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Gruppi juurde toodud loomad läksid esimesel päeval lüpsile 6,2 kohta 
tagapool võrreldes nende keskmise kohaga lüpsijärjekorras, teisel päeval 
oli see erinevus vaid 1 koht ja kuuendaks päevaks 0, millest võib 
järeldada, et veised leiavad oma koha lüpsijärjekorras kuue päeva jooksul. 
Analüüside tulemused näitasid, et korrelatsioonid lüpsijärjekorra ning 
lehmade tõu, vanuse, laktatsioonijärgu ja piimatoodangu vahel on 
nõrgad (rs= -0,07¬0,08). 

Saadud tulemused nii vesipühvlite kui ka koduveistega viitavad sellele, et 
mõlemal liigil esineb lüpsiplatsile sisenemisel püsiv lüpsijärjekord. 
Sarnaseid tulemusi on saadud varasemates uuringutes lammaste 
(Wasilewski, 1999; Villagrá et al., 2007), kitsede (Margentínová et al., 
2003; Górecki & Wójtowski, 2004) ja veistega (Rathore, 1982; Grasso et 
al., 2007; Berry & McCarthy, 2012).  

Uute lehmade lisandumine gruppi mõjutab selle kehtivat sotsiaalset 
struktuuri ja lüpsijärjekorda. Mõne aja möödudes, kui uued loomad on 
leidnud oma koha karja hierarhias, stabiliseerub ka lüpsijärjekord (Lamb, 
1975). Terviseprobleemidega lehmad võivad lüpsijärjekorras jääda 
tahapoole (Reinhardt, 1973) ilmselt sellepärast, et nad on teistest 
mõnevõrra aeglasemad ja kardavad lüpsmise käigus haiget saada (Flower 
et al., 2006). 

Järeldused 

Uurimistöö peamised järeldused on: 

 Võrreldes kontrollgrupiga sammusid pühvlimullikad, keda 
harjutati enne poegimist lüpsirutiiniga, lüpsi ajal vähem ja tegid 
vähem jalalööke. Sellest võib järeldada, et poegimiseelne 
lüpsirutiiniga harjutamine vähendab laktatsiooni alguses 
lüpsmise ajal pühvlite rahutust (II). 

 Piimavoolu profiilile, piima toodangule ja piima kvaliteedile 
pühvlimullikate poegimiseelne lüpsirutiiniga harjutamine mõju ei 
avaldanud (II). 

 Vesipühvlite lüpsiplatsile sisenemise järjekord on väga püsiv (I). 
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 Enamus pühvleid eelistas kindlat lüpsiplatsi poolt (parem või 
vasak). Suurt osa neist pühvlitest, kes eelistasid ühte kindlalt 
lüpsiplatsi poolt, lüpsti samal poolel 100% lüpsikordadest ning 
21 nendest loomadest väljendas ka konkreetse lüpsikoha 
eelistust. Selline püsiv järjekindlus tuleneb ilmselt pühvlitele 
iseloomulikust tugevast motivatsioonist- rahuldada oma 
käitumuslikke vajadusi (I). 

 Et vältida loomade stressi ja suurendada ettevõtte tulu, tuleks 
lüpsmisel vältida loomapidamisviise, mis häirivad loomulikku 
lüpsikäitumist, kuna pühvlid on lüpsirutiini muutuste osas 
võrreldes teiste piima tootvate põllumajandusloomadega märksa 
stressitundlikumad (I). 

 Uuringus koduveistega leiti, et karjas eksisteerib püsiv 
lüpsijärjekord. Üksikute lüpsikordade lõikes oli järjekord 
varieeruv, kuid karja erinevates söötmisgruppides oli 
lüpsijärjekord siiski stabiilne (III). 

 Udarapõletikuga lehmad jäid lüpsijärjekorras tahapoole 
võrreldes nende tavalise positsiooniga. Tavapärasest hilisem 
lüpsile minek võib viidata looma subkliinilisele haigestumisele 
ning sellisel juhul oleks lüpsijärjekorra automaatne jälgimine 
tulemuslik ja odav viis haiguse avastamiseks varajases staadiumis. 
Täppispidamise aspektist võiks veiste lüpsijärjekorra pidev 
jälgimine olla suurlautade majandamisel hea abivahend (III).   
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On two farms, three milking groups of buffalo cows were used to assess the consistency of entrance
order and the preference for one side of the milking parlour. On Farm 1 (F1) all animals were
primiparous (n=57). On Farm 2, three primiparous, 16 secondiparous and 36 multiparous cows
(range 1–8) constituted group F2G1; whereas group F2G2 had 12 primiparous, 10 secondiparous and
14 multiparous cows (range 1–10). Animals were milked in auto-tandem milking parlours (2×5 and
2×6 for Farms 1 and 2, respectively). For each cow, entrance order into milking parlour, side where
shewasmilked,milk yield, time and duration of milking were recorded. These datawere derived from
the computerised identification of cows. The sequence in which the cows entered themilking parlour
ranged from 1 to 57 for group F1, from 1 to 55 for group F2G1 and from 1 to 36 for group F2G2. The
analysis of data was conducted on 130, 120 and 92 consecutive milkings for groups F1, F2G1 and
F2G2, respectively. Kendall’s coefficients of concordance showed a strong constancy of the entrance
order into milking parlour for groups F1 (W=0·658; χ2=4792·81; P<0·001), F2G1 (W=0·779;
χ2=5046·81; P<0·001) and F2G2 (W=0·624; χ2=2030·48; P<0·001). Spearman rank correlation
coefficients indicated that the more productive cows in groups F1 and F2G1 tended to enter the
milking parlour first (rs=�0·221 and rs=�0·215; P<0·10; respectively). In group F2G1, a negative
correlation was found between duration of milking and order of entry in the milking parlour (rs=
�0·265; P<0·05). Animals in group F2G2 (rs=0·334; P<0·05) with higher days in milk entered
the milking parlour latterly. In all three groups, 68 cows (45·9%) preferred the right side of the milking
parlour, 73 the left side (49·3%) and the remaining seven (4·8%) showed no preference. Finally,
negative correlations were found between mean entrance order and parity for both groups of Farm 2
(rs=�0·319; P<0·05 and rs=�0·325; P<0·05 for F2G1 and F2G2, respectively). As buffaloes
showed higher entrance order consistency and side preference than other domestic ruminants, it is
concluded that management practices that disturb their choice should be avoided in order to
minimise stress during farming routines.

Keywords: Buffalo cow, milking parlour, entrance order, side preference.

Although there are numerous studies dealing with a wide
array of animal welfare issues, less is known about practical
aspects such as the voluntary movements of farmed animals,
which are related to different farming aspects including
livestock handling, stockmanship and human-animal inter-
action, design of the farm and facilities. Voluntary move-
ments of cattle have been studied in different situations.
Several studies have shown that a consistent order of entry

into the milking parlour is a prominent feature of the
social system of dairy cattle (Rathore, 1982; Grasso et al.
2007; Berry & McCarthy, 2012). Milking order can be
influenced by several factors, for example: social rank
(Reinhardt, 1973; Melin et al. 2006), health (Rathore, 1982;
Flower et al. 2006; Polikarpus et al. 2011) and productivity
(Gadbury, 1975; Gόreckio & Wόjtowski, 2004). In addition,
it has been demonstrated that some cows are consistent in
their choice of one particular side of the milking parlour,
showing a clear side preference (Hopster et al. 1998;
Paranhos da Costa & Broom, 2001; Grasso et al. 2007).
Some factors such as dominance and social structure of*For correspondence; e-mail: annemari.polikarpus@emu.ee
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the herd, but also individual characteristics such as
anxiety, fear, stress, sensitivity, can influence side preference
(Hopster et al. 1998; Prelle et al. 2004). In addition,
behavioural lateralisation may bias the choice of individual
animals towards a particular side of milking parlour.
Behavioural lateralisation has been demonstrated in a wide
array of farm animals such as horses (Komárková &
Bartošová, 2013), sheep (Versace et al. 2007) and cattle
(Phillips et al. 2003; Robins & Phillips, 2010).

There has been intense debate about the meaning of
animal behavioural needs (Dawkins, 1983; Hughes &
Duncan, 1988; Jensen & Toates, 1993; De Rosa et al.
2009). Currently a consensus has been reached that,
when animals are prevented from performing specific
behavioural patterns, a negative psychological state may
arise and animal welfare may be impaired (Jensen &
Toates, 1993). Negative emotional states such as fear
and frustration may render it less likely that animals do
what a stockperson wants (Dawkins, 1990). Conversely, a
certain degree of environmental control, which is achieved
when animals are able to predict changes in the surrounding
environment and access to specific resources when
needed, may induce a positive state of wellbeing
(Napolitano et al. 2009). Milking routine can affect cows’
welfare, and some authors have suggested that drift from
preferred behaviour may cause stress during milking
(Hopster et al. 1998; Munksgaard et al. 2001; Rushen et al.
2001). Machine milking involves several physical and
psychological factors which can lead to difficulties in milk
letdown, for example poor maintenance of milking equip-
ment or negative behaviour of the stockman (Saltalamacchia
et al. 2007). During milking buffaloes are more sensitive to
stress stimuli than cattle (Thomas, 2004). If animals are
stressed adrenaline is secreted, and this may reduce the
supply of oxytocin necessary for milk letdown. This is
exacerbated in buffaloes, since about 95% of the milk stored
in the udder is constituted of the alveolar fraction, which
needs oxytocin to be ejected (Thomas et al. 2004; Neglia
et al. 2008). Owing to this particular udder anatomy and
milk ejection physiology, even small changes in the milking
routine may render the animal uncomfortable and impair
milk letdown. This may explain why in buffaloes stock-
people use exogenous oxytocin in order to allow a complete
evacuation of milk from the udder more commonly than
in other dairy animals (Saltalamacchia et al. 2007; Neglia
et al. 2008).

When this procedure becomes routine, several
detrimental effects are likely to occur: milking time,
labour costs and drug administration costs increase,
while animal welfare (in terms of frustration of behavioural
needs and possible formation of abscesses consequent to
frequent injections) and stockpersons safety (restlessness
may be induced by undesirable position and entrance
order, as well as by painful injections) decrease (De Rosa
et al. 2005).

Therefore, in buffaloes complete milk ejection may be
easily impaired, and even small changes in the management

routine can influence the milking process and buffalo
behaviour during milking.
Studies on the behaviour at milking of dairy animals have

mainly focused on cattle. While some research on milking
order has been done on small ruminants (Wasilewski, 1999;
Villagria et al. 2007) little is known about dairy buffaloes.
Therefore, the aim of this study was to assess the consistency
of the entrance order into the milking parlour and side
preference of dairy buffaloes.

Materials and methods

Farms and milkings

The study was carried on two commercial dairy buffalo
farms located in the Campania Region, Southern Italy. The
first farm (Farm 1) was situated in the Sele Plain (40°17′N,
15°13′E), and the second (Farm 2) was positioned in the
Volturno Plain (41°18′N, 14°15′E). Animals were group-
housed in a loose open-sided barn with a concrete floor in
the lying area, covered with dried manure solids as bedding.
They had free access to an outdoor loafing area. After
morning milking animals were offered a complete mixed
diet for ad-libitum consumption. Drinking facilities con-
sisted of ample troughs.
On Farm 1 all buffalo cows were primiparous and had

been brought from several farms in the surrounding area as
pregnant heifers. A total of 130 consecutive milkings per
cow (from the mid-July to the end of November 2011) of a
group of 57 primiparous cows were used in this study.
Buffaloes were milked in themorning once a daywith a 2×5
auto-tandem milking parlour. The age at calving was
37·2±1·1 months. The mean days in milk (DIM), and milk
yield per milking session, at the beginning of the experiment
were 135±22 d (median=132 d, range=102–166 d) and
5·9±1·5 kg (median=5·8 kg, range=3–10·5 kg) respect-
ively. On this farm the bulls were kept together with females
throughout the year.
On Farm 2, two milking groups were used. In the first

group 120 consecutive milkings per cow (from mid-March
to mid-May 2012) of 55 buffalo cows (3 primiparous, 16
secondiparous and 36 multiparous; range=1–8) were
collected, while in the second group 92 consecutive
milkings per cow (from the end of March to mid-May
2012) of 36 buffalo cows (12 primiparous, 10 secondiparous
and 14 multiparous; range=1–10) were considered.
Buffaloes were milked twice a day with a 2×6 auto-tandem
milking parlour. Mean DIM at the beginning of the experi-
ment was 59±27 d (median=60·5 d, range=3–103 d) and
136±88 d (median=114 d, range=57–290 d) for groups 1
and 2, respectively. Milk yields per milking session at
the beginning of the experiment were 6·2±2·1 kg
(median=5·5 kg, range=1·9–11·3 kg) and 3·4±1·1 kg
(median=3·3 kg, range=1–6·7 kg) for groups 1 and 2,
respectively. This farm practised the out-of-breeding-
season-mating technique, consisting of keeping the bulls
with females fromMarch to September, calving between the
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end of January and the beginning of August when the
demand for mozzarella cheese is highest.

The differences in milk yields per milking session are due
to the fact that animals from Farm 1 were all primiparous in
the late stage of lactation (standard lactation of a buffalo cow
is 270 d); whereas animals from Farm 2 group 1 were mainly
multiparous in an early stage of lactation.

The milking routine of the two farms was similar. Before
milking, whole groups entered the waiting area (approxi-
mately 100 and 120m2 for Farm 1 and Farm 2, respectively)
and, within the social constraints of the group, the animals
were free to choose their position in relation to the side and
entrance order into the milking parlour (i.e. there was no
intervention by the stockman). The two sides of the parlour
were identical and access to both sides was allowed through
pneumatically operated gates. In the parlour, cows stood
nose to tail in individual stalls, with entry and exit through
side passages. In each stall, the identity of the cow was
automatically recorded by a pedometer fitted at the
metatarsus. The milking equipment on Farm 1 was the
AFIMILK® system (S.A.E. AFIKIM, Israel), whereas on Farm 2
the ALPRO® system (De Laval, Sweden) was used. These
systems allow the collection of all data from the milking
parlour, including the time of milking, number of milking
stall, milk yield and duration of milking. The auto-tandem
milking system allows cows to enter the parlour as soon as a
stall becomes available. The entrance order was determined
on the basis of time of milking. Thus, the earlier a cow was
milked the lower was its entrance order. For each milking
session, the entrance order in the milking parlour ranged
from 1 to 57 for Farm 1, from 1 to 55 for group 1 of Farm 2
and from 1 to 36 for group 2 of Farm 2. During the collection
of data no animals were added or removed from the three
groups.

Statistical analysis

The data were analysed using nonparametric statistical tests.
For each milking group, the consistency of the entrance
order was computed using the Kendall concordance
coefficient. This statistical test allows measurement of the
extent of association among several milking sessions of
several cows (Siegel, 1956). In addition, in order to test
whether the consistency of entrance order was influenced by
the temporal proximity of milking sessions, a reduced data
set was used. For each milking group, we used the first 15%
and the last 15% milking sessions. Thus, 40 (20+20), 36
(18+18) and 28 (14+14) milking sessions were used for
Farm 1, group 1 Farm 2 and group 2 Farm 2, respectively.
The correlations between mean entrance order vs. mean
milk yield, mean DIM and mean duration of milking were
calculated using the Spearman correlation coefficient. The
same test was used to calculate the correlation between
mean entrance order and parity within group 1 Farm 2 and
group 2 Farm 2. For each cow, side preference in the milking
parlour was assessed using the χ2 one-sample test, with 50%
as the expected frequency. However, it was considered a

side preference only if an animal chose a particular side on
more than 80% of the milking sessions. For the animals
showing side preference, the preference for one stall out of
the 5 (Farm 1) or 6 (Farm 2) available on each side was
assessed using the χ2 one-sample test, with 20% (Farm 1) or
16·7% (Farm 2) as expected frequencies. It was considered a
stall preference only if an animal chose a particular stall on
more than 40% (Farm 1) or 34% (Farm 2) of the milkings
occurring on the preferred side.

Results

Farm 1

A consistency of entrance order into the milking parlour
was found either for the complete data set (W=0·658;
χ2=4792·81; P<0·001) or the reduced data set (W=0·651;
χ2=1457·251; P<0·001). More productive cows tended to
enter themilking parlour first (rs=�0·221; P<0·10). Twenty-
seven cows (47·4%) preferred the right side of the milking
parlour, 25 the left side (43·8%) and the remaining five
(8·8%) showed no preference (Fig. 1). Thirty-three out of 52
animals (63%) showing preference were milked on 100% of
occasions on the preferred side, whereas for the remaining
19 this occurred on 81–99% occasions (Table 1). Nine of the
animals showing a side preference also exhibited a stall
preference (χ2 ranged from 42·89 to 361·15; P<0·001) with
42–91% of visits to the same stall.

Farm 2 group 1

A strong consistency of entrance order into the milking
parlour was found either for the complete data set
(W=0·779; χ2=5046·81; P<0·001) or the reduced data set
(W=0·718; χ2=1395·24; P<0·001). Animals with a higher
DIM tended to enter the milking parlour latterly (rs=0·243;
P<0·10). More productive cows tended to enter the milking
parlour first (rs=�0·215; P<0·10). Negative correlations
were found between mean entrance order into the milking
parlour vs. duration of milking and (rs=�0·265; P<0·05)
and vs. parity (rs=�0·319; P<0·05).
All the animals showed a side preference. Twenty-eight

cows (50·9%) preferred the right side of the milking parlour
and the remaining 27 (49·1%) the left side (Fig. 1). Thirty-six
out of 55 animals (65%) were milked on 100% of occasions
on the preferred side and the remaining 19 on 87–99%
occasions (Table 1). Seven of the animals showing a side
preference also exhibited a stall preference (χ2 ranged from
56·38 to 163·88; P<0·001) with 37–52% of visits to the
same stall.

Farm 2 group 2

As for the other milking groups, a strong consistency of
the entrance order into milking parlour was found either
for the complete data set (W=0·624; χ2=2030·48;
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P<0·001) or the reduced data set (W=0·657; χ2=643·66;
P<0·001). Animals with higher DIM entered the milking
parlour latterly (rs=0·334; P<0·05). A negative correlation
was found between mean entrance order into and parity
(rs=�0·325; P<0·05). No significant correlations were
found among the other variables collected.

Thirteen cows (36·1%) preferred the right side of
the milking parlour, 21 the left side (58·3%) and the
remaining two cows (5·6%) showed no preference (Fig. 1).
Twenty-seven out of 34 animals (79%) showing a preference
were milked 100% of times on the preferred side, and
for the remaining seven animals this occurred 85–99%
of times (Table 1). Five of the animals showing a side
preference also exhibited a stall preference (χ2 ranged
from 38·95 to 107·58; P<0·001) with 39–53% of visits to the
same stall.

Discussion

This study widens the array of dairy species showing
consistent milking order and location preferences into the
milking parlour, which may be regarded as a behaviour
common to all animals subjected tomachinemilking. Strong
consistency of the order of entry into the milking parlour
in all the groups shows that buffaloes do not enter the
milking parlour randomly. This is similar to results reported
for cattle (Grasso et al. 2007; Polikarpus et al. 2011),
sheep (Wasilewski, 1999; Villagria et al. 2007), and goats
(Gόreckio & Wόjtowski, 2004). Furthermore, if the absolute
value of the Kendall coefficient (W ) of concordance is taken
into account, it was found that buffalo cows yielded a higher
value (W ranges 0·620·78) than either cattle (W=0·36,
Grasso et al. 2007) or sheep (W=0·23, Wasilewski, 1999).
This strong consistency was also found for the reduced
data set, where the temporal distance among milking

sessions was high (90, 42 and 32 d for Farm 1, group 1
Farm 2 and group 2 Farm 2, respectively). Therefore, as
buffaloes have a more consistent entrance order than other
ruminants, it can be hypothesised that for buffaloes there is a
higher motivation to maintain entrance order, and conse-
quently higher behavioural disturbance if it is forcefully
changed (e.g. by stockpeople).
Some authors have reported that higher-yielding

dairy cows (Rathore, 1982; Grasso et al. 2007; Berry &
McCarthy, 2012) and goats (Gόreckio & Wόjtowski, 2004)
enter the milking parlour earlier. In this study, there was
only a tendency for more productive cows in two of the
milking groups to enter the milking parlour first. In addition,
in the other milking group, a significant negative correlation
between duration of milking and order of entry in the
milking parlour was found, which could also be explained
by the higher-yielding animals entering the parlour
earlier. These results only partly support the hypothesis
that, like other ruminants, high producing buffaloes may be
more motivated to enter the milking parlour first. Therefore,
also owing to the low value of correlation coefficients,
further studies are needed before reaching any final
conclusion.
Previous works on goats (Margetínová et al. 2003)

and cattle (Willems & Lampo, 1964) reported that older
animals entered the milking parlour earlier, whereas other
studies on cattle (Gadbury, 1975; Berry & McCarthy, 2012)
showed different results (i.e. older cows entered the milking
parlour later). In this study, negative correlations were found
between mean entrance order and parity for both groups of
Farm 2. These results may be related to the higher production
and/or to the higher social rank, both possibly associated
with a higher parity. However, further investigations are
needed into the possible effects of dominance and affiliative
relationships on entrance order.
Side preference was very high in all groups. Previous work

on dairy cows reported similar results in terms of general
trends, although frequencies of side preference were much
lower than those reported in this study on dairy buffaloes
(Hopster et al. 1998; Paranhos da Costa & Broom, 2001;
Grasso et al. 2007). Factors that could affect side choice
include milking technique, social behaviour, laterality,
neurological development and daily routine, including
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Fig. 1. Percentage of buffalo cows from the three milking groups
expressing side preference in the milking parlour. A preference was
considered as such only when animals chose a particular side on
more than 80% of occasions.

Table 1. Distribution of animals according to different levels of a
side preference

Proportion of milkings
in preferred side, %

Farm 1,
n (%)

Farm 2
Group 1,
n (%)

Farm 2
Group 2,
n (%)

100 33 (63) 36 (65) 27 (79)
95–99 13 (25) 13 (24) 5 (15)
90–94 2 (4) 5 (9) 1 (3)
85–89 1 (2) 1 (2) 1 (3)
81–84 3 (6) — —
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interaction with humans (Hopster et al. 1998; Paranhos
da Costa & Broom, 2001; Phillips et al. 2003; Grasso et al.
2007). Dairy cows tend to select the most attractive
side or avoid the unattractive side (Hopster et al. 1998);
therefore, each animal should be able to choose its
favourite side of the milking parlour in order to feel
comfortable during milking (Grasso et al. 2007). Entering
the milking parlour from the non-preferred side might result
in the stress response during milking (Hopster et al. 1998),
which would reduce the animal’s milk yield (Wasilewski,
1999). Buffaloes seem even more sensitive to changes in the
milking environment than other dairy animals and when
they are uncomfortable they may withhold milk (Borghese
et al. 2007).

Although both farms were equipped with auto-tandem
milking parlours, which makes a precise choice of the
stall by the animals difficult, in this study some buffalo
cows were nevertheless able to express stall preference.
Even if this finding seems difficult to interpret, the high
entrance order consistency and side preference expressed
by buffaloes along with other factors, such as affiliative
relationships, may have determined for some of them also a
stall preference.

This result further indicates that buffaloes are very
consistent in their milking routine, order of entry and
location choices. Therefore, these animals should be, as
far as possible, free to choose location and time of entry
based on their preferences.

Conclusions

It is concluded that dairy buffaloes express strong con-
sistency in their order of entry into the milking parlour.
The majority of the animals expressed a side preference
and most animals showing preference were milked on
100% of occasions on the preferred side, which along
with other factors, may have determined in 21 animals also a
stall preference. Such a strong consistency is likely to be
related to an equally strong motivation to satisfy their
behavioural needs. Therefore, handling practices disturbing
behaviour at milking (e.g. forced modification of entrance
order, unavailability of the preferred side or stall) should be
avoided to minimise animal stress and maximise farming
profits, particularly in dairy buffaloes, which seem more
sensitive than other dairy animals to changes in the milking
routine.
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a b  s  t r a  c  t

The  aim  of  this study was to  investigate  the  effect pre-partum habituation  in  the  milking
parlour  on  behaviour  and lactation  performance of  buffalo  heifers. Sixteen buffalo heifers
in late  gestation were  used  for  this study.  The animals,  with an  age  ranging from  30  to
44  months  at the  start  of  the  study,  were  equally  allocated into  two  treatments  and bal-
anced  for  estimated calving date. Eight animals received pre-partum habituation  for  10  days
before  the  estimated  calving date (group  H),  while the  eight  others  received  no treatment
and  served  as  the  control  (group C). During the  pre-partum habituation  sessions, group  H
animals  were moved  to  the  milking  parlour  and left for  10  min  in  the  milking  stall once
each  day,  where the  udder was  thoroughly  washed  with  warm  water,  wiped with a  dis-
posable  towel  and massaged. The behaviours,  registered from  entrance  into  the  milking
stall  to  exit,  were step and kick. After  calving milk  flow  profiles,  milk  yield  and milk  qual-
ity  variables  were determined  along  with behavioural recordings.  The  H  animals  during
the  habituation procedure showed a  reduction  in  the  number  of  steps  (P < 0.001)  and kicks
(P < 0.01). After calving  the  H  animals performed  fewer steps  than  the  control animals at  0
(P < 0.001), 3 (P < 0.01),  6 (P < 0.01),  13  (P < 0.01) and 20  (P <  0.01) days after  calving. Animals
from  group  H also  performed fewer kicks than  control animals at 0  (P < 0.001),  3 (P < 0.01),
6  (P <  0.01) and 13  (P <  0.01) days after calving.  In  the  C group  a  reduction  in  the  number
of  steps  (P <  0.001)  and kicks (P < 0.001)  was  observed as  lactation  proceeded,  whereas  for
group  H  only  a  tendency for  a  reduction  over  lactation  was detected.  Pre-partum  habitu-
ation  did not significantly affect milk  quality or  milk  flow  variables. Milk yield  in  the  first
3  min  of milking  (P < 0.001), and average milk  flow  (P <  0.001), increased  throughout  the
experimental  period,  whereas  the  duration  of the  pre-milking  phase decreased  as  lactation
proceeded  (P <  0.001). This  study  shows  that  buffalo heifers  exposed  to  a pre-partum  habit-
uation  programme  performed fewer  steps  and kicks than  control animals  during milking.
Therefore,  it  is concluded  that using  this treatment  can reduce the  level  of  restlessness  in
buffalo  heifers  during milking.

© 2014  Elsevier B.V. All rights  reserved.

∗ Corresponding author. Tel.: +372 7313353; fax: +372 7313706.
E-mail address: annemari.polikarpus@emu.ee (A. Polikarpus).

1.  Introduction

In Italy, buffaloes (Bubalus bubalis) are used as dairy ani-
mals. Their milk is mainly used to make mozzarella cheese

http://dx.doi.org/10.1016/j.applanim.2014.10.003
0168-1591/© 2014 Elsevier B.V. All rights reserved.
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and, in recent years, a substantial increase in dairy buffalo
farming has taken place (Cavallina et al., 2008; De Rosa
et  al., 2009; Caria et  al., 2011). A similar increase in buffalo
farming is taking place in many developing countries such
as India, Pakistan and China where the  buffalo has become
an important milk-producing animal (Thomas et al., 2004;
Borghese and Mazzi, 2005).

It is hypothesised that buffalo have a high sensitivity to
milking because they have only recently been introduced
to both machine milking and early calf separation prac-
tices that are commonplace with other dairy animals
(Napolitano et al., 2013).

Contact with a novel environment, and contact with
humans, can induce stress responses (Hemsworth et al.,
1989; Arnold et al., 2007) and reduce productivity (Rushen
et  al., 1999a; Sutherland and Huddart, 2012) in dairy
cows. The milking routine can affect animal welfare, and
a  change in this routine may  cause stress during milking
(Munksgaard et al., 2001; Rushen et al., 2001). Buffaloes are
very consistent in their milking routine (Polikarpus et al.,
2014) and are sensitive to changes in the environment;
when they are uncomfortable they may  withhold their milk
(Borghese et al., 2007). In dairy cows up to 20% of  the  milk in
the udder is stored in the  cistern (Bruckmaier and Wellnitz,
2008). Buffaloes have a small udder cistern and only 5%
of the milk is stored there, the rest of  the milk is stored
in the alveoli and small ducts (Thomas et al., 2004). The
alveolar milk ejection depends on  released oxytocin con-
centration and myoepithelial contraction (Bruckmaier and
Blum, 1998; Bruckmaier, 2005; Bruckmaier and Wellnitz,
2008). If animals are stressed adrenaline is secreted,
and this may  reduce the supply of oxytocin through
vasoconstriction or by blocking the oxytocin receptors
localised on the myoepithelial cells of the udder alveoli
(Thomas et al., 2008).  Therefore, buffaloes in a stressed
state are more likely to have impaired milk letdown than
dairy cows under similar stress conditions. When buf-
falo milk ejection is disturbed, stockmen commonly use
exogenous oxytocin in order to allow the  complete evac-
uation of milk from the udder (Saltamacchia et al., 2007;
Neglia et al., 2008; Cavallina et al., 2008),  but this pro-
cedure can result in reduced milk ejection (Bruckmaier,
2003).

Heifers’ milk ejection may  be further hindered by
neophobia, as they are exposed to several novel stimuli
associated with the  milking routine. This can result
in disturbed milk ejection (Van Reenen et al., 2002),
increased restlessness during milking (Cavallina et al.,
2008), increased risk of injury for the milkers (Willis, 1983),
increased incidence of mastitis for the  animals (Ivemeyer
et al., 2011) and reduced welfare (Sutherland and Huddart,
2012). Different pre-partum strategies have been proposed
to  mitigate these detrimental effects, such as positive hand-
ling (Hemsworth et al., 1989), exposure to tape-recorded
milking facility noise (Arnold et al., 2007) or familiariza-
tion with the milking parlour (Bremner, 1997; Das and Das,
2004). Although several investigations on the  pre-partum
habituation of heifers in the  milking parlour have been con-
ducted on dairy cattle (Bremner, 1997; Das and  Das, 2004;
Sutherland and Huddart, 2012), no  studies are available on
dairy buffaloes.

Therefore, this study aimed to investigate the effect of
pre-partum milking habituation on behaviour, milk produc-
tion and milk-flow profile of buffalo heifers.

2. Materials and methods

2.1. Farm and animals

The research was conducted from February to May  on
the experimental farm of the Campania Regional Coun-
cil. The farm was located in southern Italy on the Sele
Plain (40◦36′ N, 15◦3′ E). The animals were selected from
an artificially inseminated herd of  40  heifers according
to their estimated calving dates (conventional gestation
length = 310 d). The 16 heifers with the closest estimated
calving dates (over a 2-week period) were used. The ani-
mals, with an age ranging from 30  to 44 months at the start
of the  study, were equally allocated into two treatments,
balanced for the estimated calving date. Eight animals
received pre-partum habituation for 10  days before the
estimated calving date (group H), while the eight others
received no  habituation and served as the control (group
C). The two  groups were kept in separate indoor pens, with
a  space allowance of  10 m2 per head. They also had free
access to an outdoor loafing area with an earth floor. Each
day, at 08:00 h, all subjects were offered a complete mixed
diet ad libitum. The milking parlour, a 2 × 3 auto-tandem,
was  equipped with the ALPRO® system (De Laval, Sweden).
This system allows the collection of data from the milking
parlour, including the  milking position of  each cow, milk
yield, time and duration of milking. The herd was milked
twice a day (05:30 and  17:00) by the same two  stockper-
sons throughout the experiment.

2.2. Behavioural recordings

2.2.1. Pre-partum habituation phase
During the  pre-partum habituation sessions, group H

animals were moved to the milking parlour and remained
for 10 min  in the  milking stall once a day (at the end  of
the afternoon milking). During this time, the udder was
thoroughly washed with warm water, wiped with a dispos-
able towel and massaged by a stockperson. The massage
included stripping of the  teats. Behavioural observations
were  performed at the first day of  entrance into the  milk-
ing parlour and then at 3-day intervals until calving. For
subsequent statistical analysis only the  first three habitu-
ation sessions (day 0, 3 and 6) were used, because calving
occurred within 8–15 days (median = 12.5 d) after the start
of habituation and only five animals calved after the day 9
of habituation phase.

The behaviours, registered from entrance into the
milking stall to exit, were step (whenever foot was lifted
from the ground but less than 15 cm)  and kick (foot raised
above 15 cm off of  the  ground and  kick given in any
direction) performed with hind legs as they are  considered
signs of agitation in cattle and buffaloes (Munksgaard
et al., 2001; De Rosa et al., 2005).  Although, height was
used as discriminant, animals rising their legs above 15 cm
usually express this behaviour more energetically, thus
facilitating the observer task. Defecation, urination and
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vocalisation were recorded and combined as a single
activity, as suggested by Rushen et al.  (2001). A trained
observer located in the  pit continuously recorded the
behaviour of the animals. The variables were expressed as
number of occurrences per minute.

2.2.2. Post-partum milking phase
Heifers from both groups after calving were left in the

home pen with their calves and brought into the milk-
ing parlour within 12 h  of  calving. They were then moved,
without the calf, into the  same mixed group comprising H
and C cows as well as primiparous and multiparous non-
experimental cows. With all the animals combined (exper-
imental + non-experimental), there were 36 buffaloes, with
a space allowance of 18 m2 per head. Behaviours in the par-
lour were observed during the first milking, and then on
seven afternoon milkings (on days 3, 6, 13, 20, 27, 41 and  55
after calving). Udder preparation and behavioural record-
ings from entrance into the  milking stall to the  removal
of the milking cluster, were the same as those performed
during the pre-partum habituation. Heifers showing no
sign of milk release after 90 s from the attachment of  the
milking cluster were injected intramuscularly with 2  ml
(20 International Units) of exogenous oxytocin (Ipofam-
ina, Laboratories Biové, Arques, France). Any behavioural
reactions at the time of oxytocin administration (i.e. during
the injection) were not recorded as they could have been a
direct response to the puncture, then the observation con-
tinued as scheduled because possible subsequent effects
of the injection were considered negligible in comparison
with the general response of the  animals to the milking
procedures. One heifer from group H suffered uterine pro-
lapse soon after calving. This animal was not included in
the subsequent recordings or statistical analyses.

2.3. Milk flow profile, milk yield and milk quality

Milk flow profiles and milk quality variables were deter-
mined on seven occasions (days 3, 6, 13, 20, 27, 41 and 55
after calving) along with behavioural recordings. Milk flow
profile variables were measured with an electronic mobile
milk-flow-metre Lactocorder (WMB,  2005). The following
variables were recorded: total milk yield (kg); milk yield
in the first 3 min  (kg); duration (min) of  whole milking
(from attachment to cluster removal); duration (min) of
pre-milking phase (from cluster attachment to a milk flow
≥0.5 kg/min), duration (min) of  increasing phase (from
milk flow rate >0.5 kg/min until the start of  the plateau
phase), duration (min) of plateau phase (phase of steady
flow); duration (min) of decreasing phase (from the end of
the plateau phase to milk flow >0.2 kg/min); duration (min)
of main milking phase (sum of increasing, plateau, and
decreasing phases, i.e. starting with a milk flow ≥0.5 kg/min
and ending with a milk flow ≤0.2 kg/min); duration (min)
of overmilking phase (from the end of the main milking
phase to cluster removal with a milk flow ≤0.2 kg/min);
maximum milk flow (kg/min); mean milk flow (kg/min,
calculated during the main milking phase). Subsequently,
individual milk samples were withdrawn from the  sample
bottles attached to individual milking units and placed in
40-ml plastic tubes. Samples were analysed for lactose, fat

and protein contents (IDF, 1990)  using an infrared spec-
trophotometer (Milko Scan 605; Foss Electric, Hillerød,
Denmark) and for somatic cell count (IDF, 1995) using a
Somacount 300 (Bentley Instruments, Chaska, USA).

2.4. Statistical analysis

Parametric analyses were performed using SAS
software (1990), whereas non-parametric analyses were
conducted with SPSS software (2009). The animal was
used as the  experimental unit. The combined activity of
defecation/urination/vocalisation was  observed so rarely
that it was not included in the statistical analysis. For each
variable the  assumptions of parametric tests were checked
before data analyses. The Shapiro–Wilk’s test across the
levels of each factor was used to test the normality of
distribution, and for each factor homogeneity of  variance
was assessed with Levene’s statistic. The numbers of  steps
and kicks recorded during the behavioural observations
violated the assumptions of  parametric analyses and
transformation of  the original data also infringed these
assumptions. Therefore, nonparametric tests were used
for the analysis of  these variables. The numbers of steps
and kicks recorded during pre-partum habituation were
analysed with the Friedman test, using days of  habituation
(0, 3 and  6) as factor. When significant effects were found,
the differences between days were evaluated by the
Wilcoxon test. For each day after calving, the numbers of
steps and  kicks were analysed with the Mann–Whitney
test  using treatment (T and C) as factor. For each group
the Friedman test was  used with days after calving (0,
3,  6, 13, 20, 27, 41 and  55) as factor. All other variables
recorded after parturition were analysed with a linear
mixed model, with treatment (T  and C) as non-repeated
factor, and days after calving (3, 6, 13, 20, 27,  41 and 55)
and treatment × time as repeated factors. Heifer variance
was considered to be random and  was  used as the error
term to test the  main effect of treatment. Eleven milk
flow profiles derived from oxytocin-injected animals, and
the corresponding data for milk quality, were excluded
from  statistical analysis. Logarithmic transformation was
used to normalise the skewed nature of  the  somatic cell
count data. Where appropriate, the Tukey test was  used
to  identify differences between least squares means. Com-
parison of the prevalence of  oxytocin injection at milking
between the  treatments (number of oxytocin injections
used during the behavioural observations/number of
observed milkings) was carried out with the �2 test.

3.  Results

Heifers from group H showed a reduction in the  number
of steps (�2 = 15.06, df = 2, P < 0.001) and  kicks (�2 = 10.75,
df = 2, P < 0.01) per minute over the habituation period
(Table 1).

The number of  steps and kicks per minute expressed by
habituated and control animals throughout the experimen-
tal milking period are shown in Table 2. Group H heifers
performed fewer steps per minute than the control ani-
mals until day 20 after calving. Animals from group H also
performed fewer kicks than control animals until day 13
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Table  1
Median (min–max) number of steps and kicks (n/min) expressed in the  milking parlour by buffalo heifers during habituation before calving.

Day of habituation phase

0  3 6

Steps, n/min 0.25 (0.1–0.8)A 0.15 (0.1–0.3)BC 0  (0–0.1)BD

Kicks, n/min 0.50 (0–0.7)A 0.20 (0–0.4)aB 0.10 (0–0.2)Bb

Within a row (a, b) indicate a significant difference at P < 0.05. Within a row  (A, B and C, D) indicate significant differences at P  < 0.01.

Table 2
Effect of pre-partum habituation on median (min–max) number of steps and kicks (n/min) expressed in the  milking parlour by  habituated (H) and control
(C)  animals after calving.

Days after calving Step, n/min Ua Significance Kick, n/min Ua Significance

H C H C

0 0.10 (0–0.29) 0.59 (0.30–1.77) 0 *** 0.20 (0–0.27) 0.83 (0.40–1.82) 0 ***

3 0.09 (0–0.18) 0.25 (0–1.25) 7.5 ** 0.08 (0–0.20) 0.56 (0–1.08) 6 **

6 0 (0–0.10) 0.26 (0–0.75) 7 ** 0  (0–0.09) 0.34 (0–0.54) 4 **

13 0 (0–0.09) 0.20 (0–0.45) 4 ** 0  (0–0.09) 0.27 (0–0.45) 8 **

20 0 (0–0) 0.13 (0–0.27) 7 ** 0  (0–0) 0.06 (0–0.36) 14 NS
27  0 (0–0) 0 (0–0.22) 17.5 NS 0  (0–0) 0  (0–0.27) 17.5 NS
41  0 (0–0) 0 (0–0.19) 21 NS 0  (0–0) 0  (0–0.10) 24.5 NS
55  0 (0–0) 0 (0–0.10) 24.5 NS 0  (0–0.08) 0  (0–0) 24 NS

NS = not significant.
a Statistic used in the Mann–Whitney test.

** Differences between treatments are  significant at P  <  0.01.
*** Differences between treatments are  significant at P  <  0.001.

after calving. In group C  a reduction in the  number of steps
(�2 = 37.50, df = 7, P < 0.001) and kicks (�2 = 39.56, df  = 7,
P < 0.001) was  observed as lactation proceeded, whereas
for group H only a tendency was found (�2 = 12.91, df = 7,
P = 0.0745 and �2 = 12.69, df = 7, P < 0.001; for steps and
kicks, respectively). During the 24 pre-partum habituation
sessions no animals vocalised, whereas during the 120 post-
partum milking sessions one control animal vocalised once
on the first milking and another control animal vocalised
twice on the same occasion.

Pre-partum habituation did not significantly affect milk
flow variables and milk quality. In addition, no significant
interactions between treatment × days after calving were

found. For the  sake of brevity, only the  principal milk flow
variables are reported in Table 3. As expected, milk yield
(F6,67 = 11.16, P < 0.001), milk yield in the  first 3 min  of  milk-
ing (F6,67 = 4.64, P < 0.001), and mean milk flow (F6,67 = 4.15,
P < 0.001) increased throughout the  experimental period as
a  consequence of  the  progression of lactation. The duration
of the pre-milking phase decreased as lactation proceeded
(F6,67 = 6.78, P < 0.001). Days after calving also induced a sig-
nificant decrease in milk protein (F6,67 = 10.25, P < 0.001)
and milk fat concentrations (F6,67 = 7.61, P < 0.001) and
somatic cell count (F6,67 = 3.65; P < 0.001), whereas lactose
content (F6,67 = 16.79, P < 0.001) increased with time after
parturition.

Table 3
Effect of pre-partum habituation on milk flow and milk quality variables (least square mean ± standard error)  of habituated (H) and control (C) animals.

Treatment Significancea

H C

Total milk yield, kg/milking 3.64 ±  0.21 4.19 ± 0.29 NS
Milk  yield in the first 3 min, kg/milking 2.85 ±  0.35 3.19 ± 0.31 NS
Duration  of whole milkingb, min  7.18 ±  0.56 8.46 ± 0.46 NS
Duration  of pre-milking phasec,  min  1.83 ±  0.28 1.95 ± 0.22 NS
Duration  of main milking phased,  min  3.61 ±  0.32 3.83 ± 0.26 NS
Duration  of overmilking phasee,  min  2.09 ±  0.35 2.63 ± 0.25 NS
Max  milk flow, kg/min 1.65 ±  0.17 1.58 ± 0.15 NS
Average  milk flowf, kg/min 0.94 ±  0.09 1.02 ± 0.08 NS
Protein,  % 4.45 ±  0.15 4.52 ± 0.13 NS
Fat,  % 8.05 ±  0.26 8.14 ± 0.22 NS
Lactose,  % 4.54 ±  0.07 4.42 ± 0.06 NS
Somatic  cell count, n/ml 130,059 ±  19,684 115,009 ± 16,759 NS

a NS = not significant.
b Period of time from attachment to cluster removal.
c Period of time from cluster attachment to a milk flow ≥0.5 kg/min.
d Period of time starting with a milk flow ≥0.5 kg/min and ending with a milk flow ≤0.2 kg/min.
e Period of time from the  end of main milking phase to cluster removal with a milk flow ≤0.2 kg/min.
f Calculated during the main milking phase.
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The prevalence of oxytocin injections did not  differ
between treatments. During the two months of lactation
there were four oxytocin injections out of a total of  56 milk-
ings (7.1%) and seven out of  a total of 64 milkings (10.9%)
for groups T and C, respectively (�2 = 0.17, df = 1, NS). For
group H the four injections were given to two animals dur-
ing their first milking and the third day of lactation. For
group C the seven injections were given to four animals
during their first milking and then on  three of the previous
animals on the third day of lactation.

4. Discussion

Animal restlessness at milking is a possible source of
injury (Hemsworth and Coleman, 2011). Stepping and kick-
ing during milking may  be caused by many different factors
such as pushing of adjacent cows, lameness, low min-
eral intakes, presence of  haematophagic insects, or  poor
maintenance of the milking machinery (Saltamacchia et al.,
2007). However, these behavioural expression are usu-
ally  interpreted as indicators of  agitation both in cattle
(Hemsworth et al., 2000; Munksgaard et al., 2001) and  in
buffaloes (De Rosa et  al., 2005). Overall, the  results indicate
that pre-partum habituation can be effective as a means to
reduce stepping and kicking, and thus behavioural restless-
ness among buffalo heifers in the milking parlour. Machine
milking also involves psychological factors (e.g. negative
behaviour of the stockperson, calf separation, unfamiliarity
to the milking parlour), which may  increase heifer agita-
tion. However, as the habituated heifers were observed to
step and kick significantly less than the control cows during
the first 20 days post-partum, this indicates that the habit-
uated heifers were less affected by the  milking procedures
in early lactation than those that had had no habitua-
tion. Therefore, neophobia was likely to be the primary
aspect involved in the induction of  buffalo heifer agita-
tion. The further finding that the control animals showed
a reduction in these behaviours with increased time expo-
sure to the milking parlour routine supports the hypothesis
that unfamiliarity to these procedures may  adversely affect
their response. Similar results have been reported for cat-
tle (Bertenshaw et al., 2008; Sutherland and Huddart, 2012;
Ivemeyer et al., 2011). In buffaloes, Cavallina et al.  (2008)
compared the behaviour of primiparous and  multiparous
cows in the milking parlour in early lactation and found that
primiparous animals kicked more frequently compared
to multiparous animals and  also that only primiparous
cows showed a significant reduction of kicking over time,
which suggests that it could be associated with the ani-
mal’s milking experience. Habituation is a non-associative
form of learning defined as the gradual decrease in agita-
tion symptoms of a response due to repeated stimulation
to novel harmless situations in the  absence of reinforce-
ment and punishment (Price, 2008).  In the case of buffalo
heifer habituation in the milking procedures, increased
stockperson safety and animal welfare may  be expected
as  a consequence of reduced animal restlessness. In fact,
a  reduced incidence of  stepping and  kicking has been
associated with reduced milk cortisol and  improved hand-
ling of dairy cattle (Hemsworth et al., 1989).

The few vocalisation occurrences observed in our study
were also reported for dairy cows: Rushen et al.  (1999b)
rarely recorded vocalisations when cows were milked in
presence of  aversive or gentle handlers, whereas Rushen
et  al. (2001) recorded a reduced number of vocalisations
in  animals milked in their home stall or  in an isolation
chamber.

In  cattle, Sandrucci et al.  (2007) found that good udder
preparation can result in better milking performances, such
as  higher milk yield per milking and a shorter total milk-
ing  time, compared with poor udder preparation. Similarly,
in  buffaloes Bava et al. (2007) suggest that appropriate
pre-milking stimulation and prompt cluster removal are
necessary in order to ensure optimal milk letdown. In our
study both experimental groups received the  same udder
preparation before milking.

In  the current study milk flow variables and milk
quality were affected neither by treatment nor by a treat-
ment × time after calving interaction. These results may
be  interpreted as a discrepancy with behavioural response
recorded during milking. However, responses to environ-
mental challenges are complex and  varied and behavioural
indicators are not necessarily correlated with physiologi-
cal  responses (Dawkins, 2003). Das and  Das (2004) report
that pre-partum udder massaging not only reduced the
level of fear in primiparous cows but also reduced milk-
ing  time by facilitating a quick letdown of  milk and  a
higher rate of milk flow. These different results may  be
attributed to the different animal species considered and
to  the  length of  the  treatment, which in the study of  Das
and Das (2004) consisted in a higher number of habitua-
tion  sessions distributed over a longer period of  time and
a higher duration of each session. As expected, milk yield,
milk yield in the  first three minutes of  milking, and  mean
milk flow increased throughout the post-calving period,
whereas the duration of  pre-milking phase decreased. Oth-
ers  have found a decrease in mean milk flow rate over the
whole of  lactation, and  this would be expected, as the milk
flow rate curve follows the characteristics of  the lactation
curve (Bava et al., 2007; Sandrucci et al., 2007).  However,
in  the current study only the first 55 days of lactation were
considered. And so the increase in mean milk flow rate
observed over this early period is in accord with expec-
tations.

A  significant effect of time after calving on milk pro-
tein,  fat and lactose contents, as well as on the somatic cell
count, confirm the expected trend for these variables in
other dairy species over the  course of lactation.

In  a previous study (Saltamacchia et al., 2007) the  preva-
lence of exogenous oxytocin injections in buffaloes ranged
from  5.9 to 46.5% per milking (median = 9.5%), thus similar
to  that observed in this study. However, the use of  oxytocin
injections during the trial period, albeit not significantly,
was lower in those heifers that had  had pre-partum habit-
uation. Our results suggest that habituation can decrease
indicators of stress and  restlessness like kicks and steps,
but does not  improve milk flow and quality. In addition,
frequent treatments with exogenous oxytocin to speed up
milk ejection in buffaloes seems unnecessary and related to
improper milking practices and poor human–animal rela-
tionship (Saltamacchia et al., 2007).
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5. Conclusions

This study shows that buffalo heifers exposed to a pre-
partum habituation programme performed fewer steps and
kicks than control animals during milking. Conversely, pre-
partum habituation affected neither milk flow profiles, milk
yield nor the milk quality of buffalo heifers. It  can be con-
cluded that pre-partum habituation in the milking parlour
can reduce the level of  restlessness in buffalo heifers during
milking in early lactation.
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a  b s  t r a  c  t

This  study  investigates  the  stability  of  the  milking  order  of  cows  entering into  the  milking
parlour  of  a  commercial dairy  herd,  and changes  to  this  order  consequent  to  a  change  in
health status  and a change  in  the  membership  of  the  group  of cows  being milked. In large
herds it  is  difficult for  stockmen to  monitor all  cows  closely. If  changes  in  the  milking order
are indicative of  health or other  problems,  the  monitoring of  any  changes  in  the  order  could
alert  stockmen to  such  problems. This  could therefore  be a tool to  add  to  the  parameters
collected  routinely in  precision livestock  farming (PLF).  The  milking  process  of  692  cows,
in  seven different  feeding  groups, over  a  period  of  six months, was monitored.  The  milking
order  was found  to  be stable within  days,  and across days,  but was  more  variable within
milking  sessions.  Cows with  mastitis  (P <  0.001)  entered the  parlour later than  when  they
were healthy.  Cows  with  metritis entered into the  milking  parlour  earlier  than  usually
(P  <  0.05). When  new cows  entered  a group  they  fitted into  a  stable  position  within the
parlour  entrance  order  within two days. There  were  no  effects found  of  parity, age,  days
in  milk,  milk  production  or  milking  duration on  the  milking  order. It  is  concluded  that  the
regular  monitoring of  milking  order,  and flagging  of  changes  in  this order  could  be a  useful
tool in  the  early identification  of the  presence  of disease  in  cows.

© 2015  Published  by Elsevier B.V.

1. Introduction

Most dairy production in Europe is intensively farmed.
Many of these farms provide loose housing for the  cows in
cubicle barns, and mean herd size has increased steadily
over recent years in combination with a reduction in the
number of farms (EFSA Journal, 2009). However, loose
housing systems do not always guarantee good welfare
(Rousing et al., 2004). With an increase in the num-
ber of cows in a  herd the possibilities to notice and

∗ Corresponding author. Tel.: +372 7313353; fax: +372 7313706.
E-mail address: annemari.polikarpus@emu.ee (A.  Polikarpus).

identify individual animal welfare and health problems
decrease. Intensive farming systems have lead to a strong
demand for more efficient husbandry methods, which
increasingly include the  use of precision livestock farm-
ing (PLF) management. PLF comprises the  monitoring,
collection and evaluation data from on-going processes
(Berckmans, 2008).  PLF is considered to have great poten-
tial in developing technology for the continuous automatic
monitoring and improvement of animal health, animal
welfare and quality assurance at farm level (Wathes et al.,
2008). In commercial farming practice, economizing is
often achieved at the expense of animal welfare, which
inevitably can reduce individual productivity (Hemsworth
and  Coleman, 2011). Farm animals’ voluntary movements

http://dx.doi.org/10.1016/j.applanim.2015.02.016
0168-1591/© 2015 Published by Elsevier B.V.
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have been studied in different situations, and one of these
is  entry into the milking parlour. Consistent entrance order
to the milking parlour is a prominent feature of the  social
system of dairy cattle (Rathore, 1982; Grasso et al., 2007;
Berry & McCarthy, 2012). Similar results have been found
with buffaloes (Polikarpus et al., 2014),  sheep (Wasilewski,
1999; Villagrá et al., 2007) and goats (Margentínová et al.,
2003; Górecki & Wójtowski, 2004). Possible applications
of a detailed understanding of the  milking order in farm-
ing practice could comprise several aspects, for example,
some cows may  be fearful of the  milking parlour because
of the risk of injury during access to the  parlour or during
the milking process itself, and may  therefore be reluctant to
walk in that direction (Flower et al., 2006). In this regard, an
uncharacteristically late entry into the parlour can often be
related to health problems (Reinhardt, 1973) and can there-
fore be used as an indicator for PLF. Deluyker et al. (1991)
suggest that systems for automated milk yield recording
might be used for the early detection of  sick cows if these
milk production changes can be detected prior to, or at the
same time as, usual clinical disease diagnosis. Early detec-
tion of health problems is good for animal welfare – cows
suffer less and need less medication, and also saves money
for the farmers and helps to avoid production losses. The
objective of this study was to analyze milking order sta-
bility and changes, in a large loose housing cowshed, and
estimate the value of the automatic monitoring of milking
parlour entry order as a tool for the early detection of  health
problems.

2. Material and methods

2.1. General management

A commercial loose housing cowshed was used. Lactat-
ing cows in-milk were managed in seven feeding groups
according to lactation stage (of 60–80 cows each) and
milked in a 2 × 12 parallel milking parlour, equipped with
ALPRO® system (DeLaval, Sweden), three times per day.
Cows were milked in the morning (from 5:00 to 9:00) in the
afternoon (from 12:00 to 17:00) and in the evening (from
19:00 to 23:00). The walking distance from the housing to
the  milking parlour varied from 50  to 300 m,  depending
on the cows’ group location within the  cowshed. Prior to
milking the whole group entered into a waiting area (of a
size  of 171.5 m2) which was situated next to the  milking
parlour; this was equipped with a moving crowd gate to
drive the cows gently towards the parlour. All cows were
zero-grazed and fed a grass silage-based total mix  ratio and
housed in the same cubicle loose-housing cowshed with a
size of 2960 m2, average stocking density was 4.1 m2/cow.
The milking parlour and waiting area are shown diagram-
matically in Fig. 1.

At the entrance to the  milking parlour each cow was
identified automatically on passing an identification gate
(DeLaval Multi Reader). Cows’ identification numbers, with
entrance time, milking duration and  individual milk yields
were recorded and transferred to the computer of  the
cowshed management information system (MIS ALPRO).
Health problems of cows were also registered: the cows’
health data for the MIS  were identified and  entered

Fig. 1. Milking parlour with waiting area and cows’ traffic: 1–milking par-
lour, 2–waiting area, 3–identification gates, 4–walking alleys, 5–crowd
gate.

manually by a veterinarian. Identified cows were treated
with a proprietary medicine but were not separated from
herd.

2.2.  Statistical analysis

The dataset was collected from January to June with a
total of 237,434 milkings from 692 dairy cows (385 Esto-
nian  Holstein and 307 Estonian Red cows). On average the
cows  were in the  study for 117  days and had 343  milk-
ings  (due to errors in automatic data recording only 93%
of  days per cow had data from three milking sessions). For
each milking session and feeding group, cow milking order
within the  group was  determined based on  automatically
registered entrance times, and for each cow the position in
milking order was  selected as the  study variable. A milking
session is each of the  three daily milking events, and the
milking session order is the order of  entrance into the par-
lour in each of these sessions. The daily milking order is the
mean of these three events from each day.

To investigate the stability of  milking order single cow’s
1st to 10th order autocorrelations were calculated for each
milking session and  then meaned over all cows. Within-day
mean position data per cow from combined milking ses-
sions were also calculated and  analysed in the same way.
For  comparison the same analysis was  also performed with
automatically recorded milk yield and milking duration
data.

To study the  stability among three milking ses-
sions within day, Spearman rank  correlation coefficients
between cows’ positions at three milking sessions were cal-
culated. Analyses were initially performed based on single
milkings, and subsequently on the cows’ mean values (eval-
uated  as three mean milking order positions for each cow
corresponding to three different milking sessions).

In  addition, the differences in milking order subsequent
to the days following the  introduction of  a new cow were
analysed. In order to be included in the analysis a threshold
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of 16 days’ membership of a group was  selected. There were
528 cows that satisfied this criterion.

The effects of diseases on milking order were studied
by performing pairwise comparisons with the t-test of dis-
eased (medicated) days and healthy (unmedicated) days.
In these comparisons only cows with both diseased and
healthy days were used. As health problems were not very
common only three diseases were studied: mastitis (based
on n = 69 cows), metritis (51) and pneumonia (30).

The relationships of  milking order with milk produc-
tion and quality traits, milking duration and  cows’ age were
analysed by Spearman correlation analysis.

Data was managed and analysed with MS Excel 2003
and statistical package SAS 9.1.

3. Results

3.1. Stability of milking order

The stability of milking order within single milking
sessions was relatively low–the mean first order autocor-
relation coefficients per  cow corresponding to the  three
milking sessions were 0.14–0.16. Correlation coefficients
of milking order positions between the three milking ses-
sions within day varied from 0.45 to 0.48. Considerably
more stable were the within-day mean positions and mean
milking session order positions at specific sessions across
days. The mean first order autocorrelation coefficient of
within-day mean positions was 0.29. The milking session
order was unsurprisingly less cow-specific compared with
either milking duration or milk yield, but the values

Fig. 2. Autocorrelation plot of mean day values of milking order. For com-
parison the autocorrelations of milking duration and milk yield are also
shown.

corresponding to the  subsequent days were positively cor-
related (Fig. 2). The correlations between mean milking
order positions of three milking sessions within days were
between 0.96 and 0.97 (Fig. 3). Milking order was  stable
within days, and across days, but was  more variable within
milking sessions.

3.2. Effect of diseases and number of days in group on
milking order

From total number of cows (692) 69 cows which were
diagnosed with mastitis, 66 (95.7%) entered later in the
order of  entry than usual, while only three (4.3%) entered

Fig. 3.  Cow mean milking order position at 1st, 2nd and 3rd  of daily milking session. Each dot represents one cow.
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Fig. 4. Mean ± standard deviation milking order position of cows treated
for mastitis up to three days before and after treatment.

into the milking parlour earlier than usual on the day of
treatment. On average, cows with mastitis entered 13.1
positions later than usual (P < 0.001; Fig. 4). However, this
difference was not observed as late  as one day before the
disease was registered and began medication.

Of  the 51 cows with metritis, 34 (66.7%) entered into the
milking parlour earlier and 17 (33.3%) later on  the day of
treatment. On average, cows with metritis entered into the
milking parlour 2.9 positions earlier than they did usually
(P < 0.05).

Of the 30 cows diagnosed with pneumonia, 14 cows (on
the day they received treatment) entered into the milk-
ing parlour earlier than on  average and 16 of  them later.
On average, cows which were treated against pneumonia
entered into the milking parlour 1.4 positions later then
they usually did, but this difference was not statistically
significant.

Over all registered treatments (865 cow days from
81,550 in total) the mean milking order position of diseased
cows was 11.5 places later compared with cows without
treatments (P < 0.001).

On the first day after entering a group, newly added
cows entered into the milking parlour 6.2 places earlier,
compared to their mean entrance order over the  study
period. On the second day the difference was only one place
and on day 6 the difference was zero (Fig. 5). This suggests
that the stable entrance order of the group was established
by  the sixth day. The variation was also greatest on the
first day after entering a group, indicating that the  cow was
looking for its position in the milking order and  that this
position could vary.

3.3. Breed, production and age effect on  milking order

There was almost no difference in milking
order between Estonian Holstein and Estonian Red
cows–Estonian Holsteins entered into the milking parlour
0.9 places before than Estonian Red cows (P = 0.40).

The milking order correlations with parity, age, days in
milk, milk production and  even with milking duration were

Fig. 5.  Mean ± standard deviation difference between cows milking order
position during the first days in  the group and mean milking order position
over all milking days in  that group.

weak; the correlation coefficients were between −0.07
and 0.08. The only, slightly, higher correlation was  found
between somatic cell score and milking order position
(rs = 0.12) indicating that cows with higher somatic cell
count may  tend to stay behind in the order.

4.  Discussion

These results indicate that cows had  a consistent order
of entry into the milking parlour. This behaviour is con-
sidered a prominent feature of the  social system of  dairy
cattle  which could have implications for farming practice,
e.g. speed of  throughput of  cows (Reinhardt, 1973; Grasso
et  al., 2007).

Reinhardt (1973) found that entrance order is positively
correlated with the social rank, with higher ranking indi-
viduals entering the  parlour earlier than their subordinate
fellows. This might mean that entrance order is an outcome
of the motivation to feed, at least where concentrate feed
is offered in the milking parlour. Nevertheless, in the  cur-
rent experiment the cows were not fed concentrates in the
milking parlour. Rathore (1982) found that high-yielding
cows  voluntarily entered into the milking parlour earlier
than low-yielding cows, and it was suggested that the  relief
in udder pressure brought about by milking is a reward for
the  cow, and that this is the source of motivation to enter
the  parlour early. In the current experiment there were no
associations between milking order and milk production
nor  the  age nor the breed of the  cow. Grasso et al.  (2007)
noted a positive correlation between milking order and
milk  production in primiparous cows, although the corre-
lation coefficient was not very high (0.22). Villagrá et al.
(2007) found that total daily production was  not affected by
the order of sheep entry to the milking parlour. Studies with
goats however have indicated that milking order is influ-
enced by age and level of  milk production (Margentínová
et  al., 2003; Górecki & Wójtowski, 2004).

Rathore (1982) found a significant negative correlation
(−0.30) between average milking order and somatic cell
count, with those cows entering the milking parlour ear-
lier having a lower somatic cell count than those entering
later. Cows with sub-clinical mastitis voluntarily preferred
to  remain at the  back of  the order, which is in agreement
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with the results of the current paper. Cows with health
problems maybe move towards the back of  the milking
order because their locomotion is slower than the others,
or they are fearful of  enduring pain during movement to
the parlour or during milking (Flower 2006). It  is known
that if the cows feel discomfort or are in pain this can cause
them to be unpleasantly affected by milking (Rousing et al.,
2004).

In modern high-producing dairy herds it is a com-
mon  management practice to regroup cows according
to  age, nutrient requirements and production stage to
enhance productivity and  profitability (Hasegawa et al.,
1997; Raussi et al., 2005). The cows newly added into a
group take a position towards the back of  the established
milking order possibly because those animals which are
moved from one group to another often upset the old estab-
lished social order and, and  after a while, a new social order
is created (Lamb, 1975). It might therefore be expected
that new cows would move forward in the  milking order
as the social hierarchy adapts to their presence. Hasegawa
et  al. (1997) suggests that regrouping may disturb the social
hierarchy and change the dominance rank of individuals in
the herd and found in their study with primiparous heifers
that regrouping distressed cattle. In the current study how-
ever, most of the cows had  already found their place in
the milking order in the first day, and therefore any nega-
tive effects of social regrouping would not be identified by
milking parlour entry order, at least after day one.

5.  Conclusions

In this study a consistent entrance order into the  milk-
ing parlour was found. Within a single milking session the
milking order was quite variable, but it was stable within
the different feeding groups of  the herd. Cows with mas-
titis stayed behind in the milking order compared to their
previous position, which allows the assumption that the
automatic monitoring of  milking order could be an effective
and  low-cost way to indicate the presence of sub-clinical
disease in an individual animal, and  to discover such a prob-
lem at an early stage. Therefore, the regular monitoring of
milking order position of  cows could be a useful PLF tool
for large loose housing cowshed management.
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