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Abstract

This review preserts infrared thermography (IRT) as a tod studying and evduating the milking process. IRT is a non-
invasive and noneontact hea-deteting technolay, an infrared camea meaures and images the infrared radiation
emtted from an object. A specially analysng sdftware program evduates the thermal images (thermograms). Although
IRT is apdied lessfrequertly to the study of the milking process, presert results show the potential of this measuring method.
Gererally, IRT is a suitable tod for early detection and screening of mastitis, and can be usetil for studying and evduating

the effects of differert milki ng technique on teats and udders.Important information can be producedwhere theposibilities

diagnostic techniques have been exhausted.
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INTRODUCTION

Milking is an important processin farming. Diff erert
milking routines, and the very fact of usirg madine
milking, can affed the health and welfare of animals
becaisin this processan extremel sensitive organ, i.e.
the mammay gland, comesinto dired contad with the
milking madine The teats are the mog streseed pat
of the udder becaise milking changes their condition.
Repeatedteat compressions may cause medanical and
circulatory changesin teat tissuesand hyperaemiain
the teat wall (Hamann, 1992; Isaks®n and Lind, 1992;
Burmeister etal.,, 1998, Zeccai et al., 2000). Such
changes may even lead to pahological traumatisaion
manifeged by, for exanple, congestion, cedemacradks
in mucousmenbrane indurdion. There are a number
of factors in milking that influencesthe condition of
the teats. Literay sources enphasisethe importance
of the milking vacuum, and also the pulsation rate and
the quality of the teat cups. Asessmen of the teats
and udderbefore and after milking is usuall based on
visual observations. For sud assesmets, a cutimeter
(Isaks=on and Lind, 1992) or a classifcaion systen

(Neijentuis, 1998; Rasnusen and Larsen, 1998,
Neijjenhuis etal., 2000) or ultrasaogrgphic scanning

(Neijentuis,2004)are used

Bovine masttis infedion is a widespead problem in
the dary industry. This comman affliction is diffi cult
to treat, and its effeds indude reduced milk quality
resulting in lower milk prices,aswell asreducedoutput
and increased veterinary costsfor dary managmert.
Early detedion of masttis can improve profits through
increased milk production, deceased milk dumped
due to treatmernt, reducedveterinary and drug cods,
reducedlabour costs fewer culling and death lossesand
improved quality premiums(Willi ts,2005).Detection of

masttis is generally provided ly eledrical conductivity

(Norberg, 2005) or by somaic cell counts (SCC), the
Cdifornia mastis test (CMT) @ baderial isolation
and idertification (Timms, 2004). New techniquesare,
however, being sought for an early detedion of masttis
in the dary industry.

Infraredthermography

Infraredthermogrghy (IRT) isamodernnon-invasive
and safe technique d thermal profile visualistion.
Every object on the earth generdes heat radidion in

the infrared pat of the light spedrum, the intensity
and spedrum distribution of which depend on the
temperaure of the massand the radidion properties
of its suiface layer. Using a thermograhic scanning
equipmernt (athermogrghic camera)able to deed this
type of radigion, even minute changesin tempereure
can be acardely monitored. The daa obtained ty
scanning is computer-processe, and shownin the
form of temperaure maps that provide for a detiled
analysis of the tempergurefield.

An infrared camera meases and imagesthe infrared
radigion emitedfrom an object. Thefact that radidion
is a function of olject suiface temperaure males it
posgble for the camerato calaulate and disgay this
temperaure. However, the radigion meaaured ty the
cameradoes not only depend upon the temperaure
of the obect, but is also a function of its emissvity.

Radiation also originatesfrom the suroundirgs and is
refleded by the object. The radigion from the object
and the refleded radidion will also be influenced
by the aborption of the atmosphee. To measwr
temperaure acaraely, it is therefore necesary to
compersate for the effeds d a number d the differert
radigion sources.Thisis doneon-line automatically by
the camera.However, the following object paameers
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must be supplied for the camera:the emissivity of the
object, the refleded temper&ure, the distance between
the object and the cameraand the relaive humidity.
The thermogrghic method has found numerus
applications nat only in industry (e.g. building, the
military and police, enegetics) but also in human
and veterinary medicine(Yang & Yang, 1992; Denoix,
1994; Hilsberg et al., 1997; Harper, 2000; Markel &
Vainer, 2005).In living organisms, changesin vasalar
circulation result in an increase or decease in their
tissuetemperaure, which is then usedto evaluae the
situation in that area (Harper, 2000). For example,
heat generaed by inflammation is transmitted to the
overlying skin via increased capillary blood flow, and
is disspated as infrared enepgy. By usirg an infrared
cameraand a specially developed analyzing software
programthisinfrared enegy canbemeasured (Embgb
etal., 2002).Onemgor advantageof this method is the
fact that it doesnot require dired physicalcontad with
the surfacemonitored, thusallowing remote reading of
temperaure distribution (Speakman & Ward, 1998).
There are, however, certain limitations and factors that
needto be consideredwhen usirg IRT. Thermograns
must be collected out of diredt sunlight and wind
currerts. The suiface shauld be free of dirt, moisture
and foreign maerial. The effed of weather conditions,
circadian and ultradian rhythms are also factors that
needto be consideredand require furtherinvestigdion
aspat of validating IRT.

Infraredthermography in the milking process
Thermogrghic measurements ¢he milking process
have beentaken by Hamann (1985),who investigdaed
the temper&ure responses of the udderto madine
milking. This study shaved that convertional
milking machinesmay cause an increase o the
teat-end temperaure by 2°C. Caruolo et al. (1989)
studied the relaionship between the internal and
suiface temperaures of the mammay gland and the
temperaure of milk in goats. The authors usedIRT
to measur the surface temperaure of the udderand
teats and found an increase in temperéaure following
madine milking. This sypports the findings of Eichel
(1992), who reported increased teat temperaure after
milking in 90% of dary cows, although the evaluation
of the milking useddid not shav any significant
damag to the teats. Paulrud etal. (2002) usedIRT to
evaluae milking-induced alternations in teat tissue
fluid circulation and they obtained similar results. The
authors condudedthat IRT is useful for studying and
evaluaing the effeds d various milking techniqueson
teat fluid dynamics.

Kejik and Maskova (1989)and Malik etal. (1989)took
udder thermograns and evaluaed the relaionship
betweenthe traumaised zonesand the quality of the
teat rubber The thermograhic study shaved that
milking may cause traumdisdion in certan zones
of the udderand teats. The authors pointed out that
sud traumdisation in the course of milking may be

the cause of mastiis. IRT wasalso used b Maskova
(unpublished) in her evaluation of a prototype of a
new milking madine The evaluation wasbasd on an
assssmei of teat surfacetemperauresduring milking
and the shape of the teat rubber usedn the new type of
milking madine was not found to significantly stress
the tip of the teat. Kunc etal. (1999)and Kunc etal.
(2000a)investigded the dynamics of teat temperaure
changes in relaion to vacuum changes (40 kPa vs. 45
kPa). After evaluation of thermograns it was found
that a 40 kPa vacuum evoked lower teat temperaures
than a 45 kPa vacauum. Further, Kunc etal. (2000b)
used IRT to monitor udder temperaure respases
in healthy ddry cows under stndard operding
conditions in an autotandemmilking parlaur, in which
all technical sgcifications complied with the standard.
A comparison of all thermograns shaved that milking
causedsignificant changesin teats, particularly in those
which were in dired contad with the milking madine
and were sufect to asignificant stress. Teat temperaure
wasincreased by an averag of 2.62°C. Similar resuls
were reported ly Barth (2000). Kunc etal. (2000c)
compared rubber lines from two produces. The
results shaved that milking increased the temperaure
of teats.The highestvalueswere obtained immeditely
after milking. This trend was recorded in liners from
both produces. The differencesin the temperaure
states of teats were, however, not significant between
the producess. New liners (immedidely after exchange)
increased the temperaure of teats more than old liners
(immedidely before exchange), but the differences
were not significant. Schmidt et al. (2004) found
that cows with a high milk production had higher
uddertemperaures pre- and post- milking than low
producing cows. Thesedaa suggestthat IRT may have
value asa diagnostictod for assssirg udderfunction
in relaion to temperaure gradiem changes and the
level of milk production. Paulrud etal. (2005)obtained
similar results.

Kunc efal. (2002)studied ty meansof thethermograhic
method the effed on teats & madinemilking (vacuum
42.6 kPa)as compared to a sucking calf. Generall,
teat temperdure shaved a significant increase after
milking and sucHing. The effed of calf sucKing on
the temperaure of teats was dependemn on age Caves
in the cdostrum period (age 5 days) stresed teats
significantly lessthan older calves (calvesin the milk
period, age20 days). Further, theseoldercalvesstressd
teats more than madiine milking.

Berry etal (2003a)usedIRT to investigate the effeds
of ervironmertal factors on daly variation in udder
temperaure. The authors found a distind circadian
rhythm in uddertemperaure and significant increase
in uddertemperaure caused ly exercise But the daly
variation in uddertemperaure wasfoundto be smaller
than the rise in temperaure resulting from an induced
masttis respanse. They condudedthat IRT haspotential
asan early detedion tod for mastiis if it is combined
with monitoring of ervironmerial factors.
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Recert studieshave focused on the use of IRT to deed
masttis much earlier than waspreviously possitle. Scott
etal. (2000)foundthat inflammation could be deeded
from temperaure differencesby usirng IRT earlier with
either basine serum albumin or somatic cell counts.
The conceriration of bovine serum albumin peaked at
6 h postinduction, whereas IRT temperaure increases
were evidert within 1 h post-induction. Also Berry
et al. (2003b) proved that IRT shavs potential as an
early deedion method for mastiis. This sypports the
findings of Willits (2005) Kenneg (2004),who found
that masttis infedions cause uddersuifacetemperaure
to rise often before otherclinical sigrs are observed In
experimentally induced mastis, a rise of 2.3°C was
recorded She recommendedhat cows be walked past
an infrared camera,which would photogrgph the rear
of their udder The cameraand its associated computer
would idenify and recorded cows whose udder
surface temperaures were higher than normal. Herd
managemert would follow up with furtherasssamert
and possble treatmert of cowsflagged by the sygem.

CONCLUSIONS

The above exanples prove condusively that IRT can
produceimportant information where the possikli ties
of convertional diagnostic techniques have been
exhausted This measuremdnmetod hasvalue as a
diagnostictod for assasirg udderfunction and can
be considereda useful metod for indired and non-
invasive evaluation of the condition of teatsand uddes.
Evaluation of IRT may be promising for detdion of
masttis, and shavs potential as an early deedion
method for masttis.
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