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     BSTRACT

The objective of the present article was to summarize available evidence of the economic 
benefits and health risks associated with the use of automatic milk feeders (AMFs) in calves. 
Although AMFs are increasingly used in cattle production, clear evidence of their economic 
benefits (increased average daily gain, gradual weaning and reduced labor time) for the typical 
Belgian farm size and management is not available. Especially in smaller farms, where labor 
time is not a limiting factor, a careful economic consideration should be made. Regarding the 
association of AMFs with calf disease, studies have only been performed for bovine respiratory 
disease and confirmed an increased risk. However, since the use of AMFs is strongly related with 
several other risk factors (group housing at young age, large groups, age difference in a group, 
continuous system versus all-in/all-out), it is difficult to unequivocally identify the risk associated 
with AMFs alone. A group size of less than ten calves on a single drinking point, an all-in/all-
out grouping system and a minimum age at introduction to the automat of three weeks are 
recommended for farms with AMFs. To the authors’ knowledge, no scientific evidence supporting 
the presumed association of diarrhea and tongue ulcers with AMFs is available to date. 

SAMENVATTING

Drinkautomaten voor kalveren worden steeds frequenter gebruikt in Vlaanderen, met als hoofddoel 
arbeidsbesparing. In dit overzichtsartikel wordt een samenvatting gegeven van de huidige kennis omtrent 
de technische aspecten van de drinkautomaat, de economische voordelen en de gezondheidsrisico’s 
voor kalveren gehuisvest bij deze automaten. Er is geen overtuigend bewijs dat het gebruik van 
drinkautomaten in kleinere bedrijven economisch rendabel is. Hoewel er weinig wetenschappelijke 
literatuur beschikbaar is over de gezondheidsrisico’s die geassocieerd zijn met drinkautomaten, zijn er 
duidelijke aanwijzingen dat grote groepen kalveren gehuisvest bij een drinkautomaat een hoger risico 
op pneumonie (“bovine respiratory disease” (BRD)) hebben. Of de automaat zelf een risicofactor is 
voor BRD of dat het eerder komt door de blootstelling van de kalveren aan reeds bekende BRD-
risicofactoren (i.e. grote groepen, op jonge leeftijd in groep gehuisvest worden, het niet toepassen 
van het all-in/all-out-systeem, in het geval een drinkautomaatsysteem toegepast wordt), is echter 
onduidelijk. Naast BRD wordt er in de praktijk melding gemaakt van diarree en tongulcera, maar er is 
geen bewijs beschikbaar over de link met het gebruik van drinkautomaten. Om problemen op bedrijven 
met een drinkautomaat te beperken, zijn een groepsgrootte van maximum tien kalveren per drinkstation, 
het toepassen van een all-in/ all-out-systeem per groep en een minimumleeftijd van drie weken alvorens 
de kalveren bij de automaat te huisvesten de belangrijkste aandachtspunten.
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INTRODUCTION

In the last decade, a marked increase in herd size 
has been seen in different cattle production systems in 
several European countries (Hemme, 2007; Hemme 
2008). A larger herd size increases the farmers’ work 
load and decreases the available time for crucial tasks 
regarding the farm’s productivity, such as heat and 
disease detection (Washburn et al., 2002). To deal 
with this issue, farmers increasingly rely on automa-
tion. For feeding young calves, automated milk feed-
ers (AMFs) are increasingly being used. AMFs allow 
calves to drink at their own needs, which is beneficial 
from a digestive and animal welfare point of view 
(Day et al., 1987). Because feeding is done automati-
cally, the producers of AMFs claim a marked reduc-
tion in labor time for the farmers. However, the use 
of AMFs on a farm provokes several changes in calf 
management. For optimal use of the available AMFs, 
farmers tend to maximize group size and shorten the 
individual housing period. In recent years, an appar-
ently increased risk for bovine respiratory disease 
(BRD), diarrhea and tongue ulcers in calves housed 
on AMFs has been reported in Belgium (Sustronck et 
al., 2014).

Therefore, the objective of the present paper is to 
summarize available evidence of the economic bene-
fits and health risks associated with the use of AMFs 
in calves.

AUTOMATED FEEDING SYSTEMS FOR 
CALVES

Traditionally, the most common, non-automated 
feeding systems for calves are either suckling with the 
dam or bucket feeding. Several forms of automation 
have found their way to calf feeding systems. 

A first method of automation is the use of milk 
mixers. These devices consist of a recipient with a 

mixer and frequently a heater, which allow the farmer 
to consistently prepare larger quantities of milk re-
placer and to maintain the desired drinking tempera-
ture. These milk mixers are usually mobile, and sev-
eral models are equipped with programs that record 
different data. This system allows the farmer to feed 
larger groups of animals in a shorter time span. In the 
veal industry, the milk mixer is stationary, and the 
milk reaches the different pens through a tube system 
(Pardon et al., 2013). However, this extended system 
is too expensive to be used on Flemish dairy and beef 
farms with an average of sixty newborn calves a year 
(Platteau et al., 2014).

A second form of automation is the provision of 
stationary drinking systems known as AMFs. In al-
most all of these drinking systems, both cow’s milk 
and milk powder can be offered. The core of the milk 
feeder is the same for the different types of AMFs and 
consists of four parts: a unit where milk is prepared 
(Figure 1A), one or more drinking points, transpon-
ders for calf-recognition (Figure 1C) and a processor, 
which controls the system settings (Van Gansbeke, 
2007). Several drinking points may be connected to a 
single unit of milk preparation. In systems, in which 
cooled cow’s milk can be delivered, the milk is stored 
in a reservoir and heated on demand when the calves 
start to suckle. When milk replacer (MR) is used, it 
is freshly prepared on demand by mixing milk pow-
der with water. All systems may maintain the desired 
drinking temperature at the drinking point, but regu-
lar punctual checks are required to assure compliance 
with the pre-sets of the AMF. There are also systems 
mainly using cow’s milk, in which an amount of MR 
can be mixed according to the programmed feeding 
scheme. Calves are either allowed to drink ad libitum 
or follow a restricted feeding scheme. In the second 
case, calves wear a transponder (Figure 1C), and the 
milk is provided in small portions at every drinking 
attempt until the maximum programmed daily amount 
is consumed.  

Figure 1. Automated milk feeder. A. Unit where the milk is prepared. B. Calf drinking from the nipple in a drinking 
point. C. Calf with transponder for recognition by the automat.
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The AMF drinking points are either freely accessi-
ble (Figures 2A and 2B) or are protected (Figure 2C). 
A disadvantage of free access is that dominant animals 
may expel other animals, thus limiting feed uptake of 
the latter category. Protected systems consist of gates, 
which allow the calf to drink undisturbed. A drinking 
point can either be equipped with a nipple (Figure 1B) 
or a drinking cup (Van Gansbeke, 2007). 

ECONOMIC BENEFITS

Three factors play an important role in the eco-
nomic results or benefits of the automat. For the 
farmer, time reduction is often the most important 
factor. In addition to time benefit, increased average 
daily weight gain (ADG) and gradual weaning are to 
be expected. Finally, AMFs lead to improved animal 
welfare by allowing the calf to follow a more natural 
drinking scheme. 

Automated milk feeders reduce labor time for 
milk feeding by 50% compared to a conventional 
system when milk preparation, milk feeding time and 
time needed for cleaning are taken into account (Van 
Gansbeke, 2007). Kung et al. (1997) showed that in 
an individual housing system with buckets, farmers 
needed 10 min/calf/day for feeding compared with 
1 min/calf/day when calves were housed in groups 
nearby the AMF. In this study, thirty calves were split 
in two groups of 15 calves to avoid group size having 
impact. Besides reduced labor, there was also a re-
distribution of labor time. When working with AMFs, 
health checks of the calves can be freely planned in the 
daily working scheme instead of during busy feeding 
times (Van Gansbeke, 2007). In general, when time is 
not the limiting factor, investing in an AMF is not eco-
nomically favorable (Van Gansbeke, 2007). The cost 
of an AMF can be regained in three years’ time on a 
farm with two hundred cows, with a clearance rate of 
35% and a calf mortality of 10% (Kung et al., 1997). 

This beneficial effect is mainly based on a reduction 
in labor time. Economic benefits thus clearly depend 
on farm size.

AMFs allow calves to consume more milk and 
make it possible to program the weaning process. 
In addition, the milk composition is more constant 
compared to manual preparation, avoiding digestive 
upsets. Theoretically, these factors could result in an 
increased ADG of animals fed on an AMF. However, 
only one peer-reviewed study is available in the lite- 
rature and no difference in ADG could be demon-
strated between group-housed calves fed by AMF and 
individually housed calves fed by bucket twice daily 
(Kung et al., 1997). Abrupt weaning of calves leads to 
a reduced average daily gain (Sweeney et al., 2010). 
Therefore, gradual weaning over a longer period is in-
dicated. It can be recommended to wean over a period 
of ten days’ time (Sweeney et al., 2010). This gradual 
weaning improves starter intake, which is crucial. 
However, it is still important to check the amount of 
intake before weaning (Sweeney et al., 2010; Eckert 
et al., 2015). AMFs may offer these detailed and pro-
longed weaning schemes. Unfortunately, no studies 
could be found in the literature, in which automated 
weaning versus traditional weaning schemes are com-
pared. 

Finally, animal welfare may contribute to eco-
nomic benefits. Animal welfare has become increas-
ingly important in the public opinion, and AMFs may 
contribute to higher welfare levels. AMF systems 
offer several portions of milk to calves over the day, 
which matches their natural behavior better than being 
fed two times a day. Management failures that may 
easily occur in  traditional milk feeding, such as large 
portions, irregular feeding times, differences in doses 
and temperature, may be prevented if farmers use 
AMFs and perform regular checks of the AMFs (Van 
Gansbeke, 2007). However, beside these positive wel-
fare aspects, there are some negative aspects. In groups 
of 24 animals, there is more competition between the 

Figure 2. Different types of drinking points. A. Open system with free access and multiple nipples. B. Single drinking 
point with open access. C. Protected drinking point.

A B C



74 Vlaams Diergeneeskundig Tijdschrift, 2016, 85

calves to acces the feeder and they have to wait longer 
before they can drink than calves, which are housed in 
groups of 12 animals (Jensen, 2004). In order to limit 
the waiting time and competition in large groups, it 
may be helpful to feed the calves larger amounts of 
milk per access to the feeder (Jensen, 2004). 

ASSOCIATION BETWEEN AUTOMATED 
MILK  FEEDERS  AND  DISEASES

Calf health issues on farms with AMFs have been 
increasingly reported. Observed diseases are bovine 
respiratory disease (BRD), diarrhea and tongue ulcers 
(Hepola, 2003; Sustronck et al., 2014). Below, an 
overview of the available literature on the relationship 
between AMFs and these diseases is provided. 

Bovine respiratory disease 

Bovine respiratory disease is a multifactorial dis-
ease with a very important economic impact due to 
mortality, weight loss, carcass quality loss and in-
creased antimicrobial use (Griffin et al., 2010; Pardon 
et al., 2013). Bovine respiratory disease is caused by 
viral and bacterial pathogens and several risk factors 
are known to mitigate the pathogenesis.

An increased risk of BRD has been evidenced in 
calves housed in pens with AMFs (Maatje et al., 1993; 
Lundborg et al., 2005; Svensson and Liberg, 2006). 
However, to date, the exact mechanism is not clear 
yet. The risk of BRD increases with increasing herd 
size (Norström et al., 2000; Gulliksen et al., 2009b), 
and since AMFs are more frequently applied in large 
farms than in small farms, the link between AMF 
and BRD might be biased by herd size. Furthermore, 
calves, which are fed with AMFs, are frequently 
housed in larger groups, and increasing group size 
is a well-known risk factor for BRD (Losinger and 
Heinrichs, 1996; Svensson et al., 2003; Svensson and 
Liberg, 2006). Svensson and Liberg (2006) showed 
that calves on AMFs have a reduced BRD risk when 
housed in small groups (six to nine calves), compared 
to large groups (twelve to eighteen calves). They have 
also reported that calves younger than nine days are 47 
% more susceptible to BRD, than calves aged 19 days 
and more at the time of being fed by AMFs (Svensson 
and Liberg, 2006). In order to optimally use the AMF, 
farmers increase the group size per automat, switch 
from an all-in/all-out grouping system to a continu-
ous system and put the animals at very young age on 
AMFs. By doing so, the animals are exposed to risk 
factors for BRD and diarrhea (Gulliksen et al. 2009 
a, 2009b). The use of a continuous grouping system 
creates larger age differences and is a known risk fac-
tor for BRD (Maddox-Hyttel et al., 2006; Gulliksen 
et al., 2009b). In contrast, the all-in/all-out grouping 
system has been shown to reduce the BRD risk (Brscic 
et al., 2012; Woolums et al., 2013). A recent study on 
a limited number of farms in Flanders showed that the 

number of calves held in a group on a single drink-
ing point varied between fifteen and thirty (Janssens, 
2015). None of these farms used a continuous system 
and the animals were housed in pens with an automat, 
starting at a mean age of ten days (Janssens, 2015). In 
that study, age differences between the calves housed 
on a single drinking point, ranged between 15 and 32 
days. Next to exposure to those risk factors, a single 
drinking nipple for all animals may facilitate pathogen 
transmission between animals. However, this possible 
transmission has not been investigated yet. Although 
several disinfection systems have been applied in 
practice, to date, no evidence of their efficacy is avail-
able yet. In a limited study, differences in the preva-
lence at nose and lung levels of Mannheimia haemo-
lytica, Pasteurella multocida, Histophilus somni and 
Mycoplasma bovis could not be demonstrated in herds 
with and without AMFs (Janssens, 2015). 

It is clear that further research on the exact risk of 
the automat itself and the role of the shared drinking 
nipple in pathogen transmission is urgently required 
in order to create an optimal situation for the use of 
AMFs in farms, thus limiting respiratory health issues.  

Diarrhea

Diarrhea is a common problem in neonatal calves 
and often occurs in calves housed in pens with an 
AMF. The disease is multifactorial and the most com-
mon pathogens are bovine rotavirus, bovine coronavi-
rus, enterotoxigenic Escherichia coli and Cryptospo-
ridium parvum (Torsein et al., 2011). Several risk fac-
tors for neonatal diarrhea have been identified, but up 
till now, no direct association between housing calves 
with an AMF and neonatal diarrhea has been reported. 
However, in management systems, in which AMFs are 
used, the calves are exposed to risk factors for diar-
rhea. Herd size (Klein-Jöbstl et al., 2014; Frank and 
Kaneene, 1993; Gulliksen et al., 2009a), group hous-
ing at young age (Barrington et al., 2002; Svensson 
and Liberg, 2006; Svensson et al., 2006; Gulliksen et 
al., 2009a) and substantial age differences between 
calves housed together in one group (Barrington et 
al., 2002; Svensson et al., 2006) increase the risk of 
neonatal diarrhea. Diarrhea pathogens are transmit-
ted through the orofecal route, and the drinking point 
possibly forms a single area of contamination both by 
the nipple as by the unhygienic conditions, which are 
created in this frequently used pen area.  

On the other hand, AMFs may as well limit the risk 
of nutritional diarrhea in young calves, since they as-
sure a constant and correct preparation of MR. More-
over, in systems with transponders, excessive milk 
uptake may be avoided. 

Tongue ulcerations

Tongue ulcerations are generally traumatic lesions 
of variable size induced by the incisors and are usually 
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situated on the ventral side. These tongue ulcers are 
commonly associated with Fusobacterium necropho-
rum, which also causes necrotic stomatitis (McIntosh, 
1938). In the literature, no studies have been found, 
in which the prevalence of tongue ulcers in suckler 
calves, calves with traditional bucket feeding and in 
calves fed by an AMF are compared. However, in a 
study by Sustronck et al. (2014), tongue ulcerations 
have been suggested to occur more frequently in 
calves fed with AMFs, in Flanders (Sustronck et al. 
2014). Possibly, the Belgian blue breed, which is fre-
quently born with macroglossia due to its hypermu-
scularity, is more prone to develop traumatic ulcer-
ations when drinking from nipples. In the literature, 
tongue ulcers in calves are underdocumented, and 
besides age (most frequently between two weeks and 
three months of age), no risk factors have been identi-
fied (Holliman, 2005). McIntosh (1938) showed that 
pathogens related to tongue ulcers may be indirectly 
transmitted between animals via materials. It might 
hence be possible that these pathogens are efficiently 
transmitted by allowing animals to suckle on the same 
nipple. Up till now, no studies have provided enough 
evidence to support an association between the use 
of AMFs and the development of tongue ulcerations.

 
CONCLUSIONS

Although AMFs are increasingly used, clear evi-
dence of their economic benefits (increased ADG, 
better weaning management and reduced labor time) 
for the typical Belgian farm size and management is 
not available. Especially in smaller farms, where labor 
time is not a limiting factor, a careful economic con-
sideration should be made. Taking into account the 
possible association of AMFs with calf disease, stud-
ies have only been performed for BRD and confirmed 
an increased risk. However, since the use of AMFs in 
farms is strongly related with several other risk fac-
tors, i.e. large groups, all-in/all-out, large age differ-
ences within the same group, group housing at young 
age, it is difficult to clearly identify the risk associ-
ated with the AMF alone. A group size of less than ten 
calves housed in a pen with a single drinking point, an 
all-in/all-out grouping system and a minimum age at 
introduction to the automat of three weeks may be re- 
commended. To the authors’ knowledge, no scientific 
evidence supporting the presumed association of diar-
rhea and tongue ulcers with AMFs is available so far. 

ACKNOWLEDGEMENTS

The authors are very grateful to Mamylac® for 
providing technical and practical information about 
automated milk feeders.

LITERATURE

Barrington, G.M., Gay, J.M., Evermann, J.F. (2002). Bio- 
security for neonatal gastrointestinal diseases. The Vete- 
rinary Clinics of North America: Food Animal Practice 
18, 7-34.

Brscic, M., Leruste, H., Heutinck, L., Bokkers, E., Wolthuis-
Fillerup, M., Stockhofe, N., Gottardo, F., Lensink, B., 
Cozzi, G., Van Reenen, C. (2012). Prevalence of respira-
tory disorders in veal calves and potential risk factors. 
Journal of Dairy Science 95, 2753-2764.

Day, M. L. K., Imakawa, A. C., Clutter, P. L., Wolfe, D. D. 
Zalesky, M. K. Nielsen, J. E. Kinder (1987). Suckling 
behavior of calves with dams varying in milk production. 
Journal of Animal Science 65, 1207-1212.

Dennis, M.J. (1986). The effects of temperature and humid-
ity on some animal diseases – a review. British Veterinary 
Journal 142, 472-485.

Eckert, E., Brown, H. E., Leslie, K. E., DeVries, T. J., 
Steele, M. A. (2015). Weaning age affects growth, feed 
intake, gastrointestinal development, and behavior in 
Holstein calves fed an elevated plane of nutrition dur-
ing the preweaning stage. Journal of Dairy Science 98, 
6315-6326.

Frank, N., Kaneene, J. (1993). Management risk factors as-
sociated with calf diarrhea in michigan dairy herds. Jour-
nal of Dairy Science 76 (5), 1313-1323.

Gulliksen, S.M., Jor, E., Lie, K.I., Hamnes, I.S., Loken, T., 
Akerstedt, J., Osteras, O. (2009a). Enteropathogens and 
risk factors for diarrhea in Norwegian dairy calves. Jour-
nal of Dairy Science 92, 5057-5066. 

Gulliksen, S.M., Jor, E., Lie, K.I., Loken, T., Akerstedt, J., 
Osteras, O. (2009b). Respiratory infections in Norwegian 
dairy calves. Journal of Dairy Science 92, 5139-5146.

Gulliksen, S.M., Lie, K.I., Løken, T.,Østerås, O. (2009c). 
Calf mortality in Norwegian dairy herds. Journal of 
Dairy Science 92 (6), 2782-2795.

Griffin, D., Chengappa, M., Kuszak, J.,McVey, S. (2010). 
Bacterial pathogens of the bovine respiratory disease 
complex. Veterinary Clinics of North America: Food 
Animal Practice 26, 381-394.

Hemme, T. (2007). IFCN Dairy Report 2007. International 
farm comparison network. IFCN Dairy Research Center, 
Kiel, Germany. 

Hemme, T. (2008). IFCN Dairy Report 2008. International 
farm comparison network. IFCN Dairy Research Center, 
Kiel, Germany.

Hepola, H. (2003). Milk feeding systems for dairy calves in 
groups: effects on feed intake, growth and health. Applied 
Animal Behaviour Science 80, 233-243.

Holliman, A. (2005). Differential diagnosis of diseases 
causing oral lesions in cattle. In Practice 27, 2-13.

Janssens, K. (2015). Gezondheidsrisico’s bij Kalveren aan 
een Drinkautomaat: Voorkomen van Pasteurellaceae en 
Mycoplasmata. Master thesis, Ghent University.

Jensen, M. (2004). Computer-controlled milk feeding of 
dairy calves: The effects of number of calves per feeder 
and number of milk portions on the use of feeder and 
social behavior. Journal of Dairy Science 87 (10), 3428-
3438.

Klein-Jöbstl, D., Iwersen, M., Drillich, M. (2014). Farm 
characteristics and calf management practices on dairy 
farms with and without diarrhea: a case-control study to 
investigate risk factors for calf diarrhea. Journal of Dairy 
Science 97 (8), 5110-5119.



76 Vlaams Diergeneeskundig Tijdschrift, 2016, 85

Kung, K., Demarco, S., Siebenson, L.N., Joyner, E., 
Haenlein, G.F.W., Morris, R.M. (1997). An evaluation 
of two management systems for rearing calves fed milk 
replacer. Journal of Dairy Science 80 (10), 2529-2533.

Lago, A., McGuirk, S.M., Bennett, T.B., Cook, N.B., Nor-
dlund, K.V. (2006). Calf respiratory disease and pen 
microenvironments in naturally ventilated calf barns in 
winter. Journal of Dairy Science 89, 4014-4025.

Losinger, W.C., Heinrichs, A.J. (1996). Management vari-
ables associated with high mortality rates attributable to 
respiratory tract problems in female calves prior to wean-
ing. Journal of American Veterinary Medical Association 
209, 1756-1759.

Lundborg, G.K., Svensson, C., Oltenacu, P.A. (2005). Herd-
level risk factors for infectious diseases in Swedish dairy 
calves aged 0–90 days. Preventive Veterinary Medicine 
68 (2–4), 123-143.

Maatje, K., Verhoeff, J., Kremer, W.D., Cruijsen, A.L., 
Van den Ingh, T.S. (1993). Automated feeding of milk 
replacer and health control of group-housed veal calves. 
The Veterinary Record 133, 266-270.

Maddox-Hyttel, C., Langkjaer, R.B., Enemark, H.L., Vigre, 
H. (2006). Cryptosporidium and Giardia in different age 
groups of Danish cattle and pigs – occurrence and man-
agement associated risk factors. Veterinary Parasitology 
141, 48-59. 

Marcé, C., Guatteo, R., Bareille, N., Fourichon, C. (2010). 
Dairy calf housing systems across Europe and risk for 
calf infectious diseases. Animal 4 (9), 1588-1596.

McIntosh, R. A. (1938). Necrotic stomatitis of calves. Ca-
nadian Journal of Comparative Medicine 2 (6), 175-176.

Norström, M., Skjerve, E., Jarp, J. (2000). Risk factors for 
epidemic respiratory disease in Norwegian cattle herds. 
Preventive Veterinary Medicine 44, 87-96.

Pardon, B., Hostens, M., Duchateau, L., Dewulf, J., De 
Bleecker, K., Deprez, P. (2013). Impact of respiratory 
disease, diarrhea, otitis and arthritis on mortality and car-
cass traits in white veal calves. BCM Veterinary Research 
9, 79.

Platteau J., Van Gijseghem D., Van Bogaert T. (2014). Land- 
bouwrapport 2014, Departement Landbouw en Visserij, 
Brussel.

Sustronck, B., Hoflack, G., Lebrun, M. (2014). Kalver-
drinkautomaten: een oplossing of een probleem? Dieren-
artsenwereld 143, 26-28.

Svensson, C., Lundborg, K., Emanuelson, U., Olsson, S.-O. 
(2003). Morbidity in Swedish dairy calves form birth to 
90 days of age and individual calf-level risk factors for 
infectious diseases. Preventive Veterinary Medicine 58 
(3-4), 179-197.

Svensson, C., Liberg, P. (2006). The effect of group size on 
health and growth rate of Swedish dairy calves housed in 
pens with automatic milk-feeders. Preventive Veterinary 
Medicine 73 (1), 43-53. 

Svensson, C., Hultgrena, J., Oltenacu, P.A. (2006). Morbid-
ity in 3–7-month-old dairy calves in south-western Swe-
den, and risk factors for diarrhoea and respiratory disease. 
Preventive Veterinary Medicine 74 (2–3), 162-179.

Svensson C., Jensen, M. (2007). Short communication: 
Identification of diseased calves y use of data from au-
tomatic milk feeders. Journal of Dairy Science 90 (2), 
994-997.

Sweeney, B.C., Rushen J., Weary, D.M., de Passillé, A.M. 
(2010). Duration of weaning, starter intake, and weight 
gain of dairy calves fed large amounts of milk. Journal 
of Dairy Science 93 (1), 148-152.

Torsein, M., Lindberg, A., Sandgren, C., Waller, K., Törn-
quist, M., Svensson, C. (2011). Risk factors for calf mor-
tality in large Swedish dairy herds. Preventive Veterinary 
Medicine 99 (2–4), 136–147.

Van Gansbeke, S. (2007). Voeding van kalveren: de boerin 
of de automaat? Vlaamse Overheid, Departement Land-
bouw en Visserij. Afdeling Duurzame Landbouwontwik-
keling. Digital reference: http://www2.vlaanderen.be/
landbouw/downloads/dier/artikels/kalveren_voeding.pdf 
(accessed on September 17 2014).

Washburn, S.P., Silvia, W.J., Brown, C.H., McDaniel, B.T., 
McAllister, A.J. (2001). Trends in reproductive perfor-
mance in southeastern Holstein and Jersey DHI herds. 
Journal of Dairy Science 85, 244-251.

Woolums, A.R., Berghaus, R.D., Smith, D.R., White, 
B.J., Engelken, T.J., Irsik, M.B., Matlick, D.K., Jones, 
A.L., Ellis, R.W., Smith, I.J., Mason, G.L., Waggoner, 
E.R. (2013). Producer survey of herd-level risk factors 
for nursing beef calf respiratory disease. Journal of the 
American Veterinary Medical Association 243 (4), 538-
547. 


