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ABSTRACT

We investigated the hypothesis that somatic eell
counts (SCC) in milk are influenced by the vibration
and noise experienced by dairy cows during milking.
We therefore measured vibration and neise on 50 Swiss
dairy farms (with herringbone, autoiandem, side-by-
side, or carousel parlors), where we also collected bulk
tank SCC. Somatie cell eounts inereaged with an in-
creasing intensity of vibration buf not with acoustie
neise. Cows milked in autotandem and side-by-gide par-
lors had lower SCC than these in the other 2 types of
milking pariors. On 12 farms where the milking system
was medified to reduce vibration and noeise, SCC slso
dropped. In addition, the relaiive improvement in SCC
seemed to be correlated with the relative improvement
in the reduction of vibration but not with the improve-
ment in acoustic noise. A reduction in vibration (struc-
ture-borne sonic waves) seemed to improve udder
health, which may have been mediated by the increased
well-being and reduced stress of cows during milking.
Key words: dairy cow, somatic cell eount, vibration,
noise

Beef cattle react with unrest and an increased heart
rate to noise dering handling, which has been interpre-
ted as a reaction of fearfulness (Waynert et al., 1999).
Head et al. (1993} have also suggested that noise might
inflezence the well-being of dairy cows and thus, indi-
rectly, their health and milk production. In a previous
study, this notion eould not be supported when dairy
cows were subjected to aireraft noise just before the
onset of milking (Head et al, 1993). Dairy cows are
faced much more diveetly with soniec waves {noise and
vibration) in the milking parlor, and we investigated
whether and to what extent structure-borne somic
waves {(vibration) and aivhorne sonic waves (noise} in
the milking parlor coincide with increased SCC, one
Likely indicator of udder health (Harmon, 1994}
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Measurements were conducted on 50 Swiss dairy
farms (29 herringbone, 11 autotandem, 9 side-by-side,
and 1 carpusel milking parlor; Nosal et 21., 2004) repre-
senting the common {ypes of milking parlors in Switzer-
land. On each farm, vibration (m/s®, ai ithe manure
splash guards; integrating vibration meter, model 2513,
Briiel & Kjeer, Naorum, Denmark; 0.1 to 100 ov/s?) and
noise (dB, at appreximately 1.2 m height in the milking
stall head area; sound level meter, model 2232, Briiel &
EKjer; 34 to 136 dB) were measured while the milking
machine was running, The highest amplitudes of vibra-
tion and neise were noted because these extremes were
thought to have an effeci on the well-being of the cows
in the milking parior.

We measured SCC on farms using bulk tank milk
samples. Such samples have been shown to be relatively
independent of management factors (hecause enly 18%
of the variability could be explained in a model by van
Schaik et al., 2005) but to be correlated with a weighted
average individual SCC (Valde et al., 2005). To ensure
a permanently high level of milk quality, all farms in
Switzerland are suhject to monthly milk SCC cheeks,
for which a sample is taken from the storage tank (thus,
an average SCC weighted by the mdividual milk vield
is measured per herd). All the SCC measorements for
the year preceding the vibration and noise measure-
ments were collected and averaged for each farm in the
study. On 12 of the farms (% hervingbone, 2 autotandem,
and I side-by-side), the milking parlor was ther modi-
fied to reduce vibration and neise levels during milking.
Modifications were made specifically on each farm and
included putiing the vacwum pump on rubber sapperts,
using rubber tubing fo connect the vacoum pump to
the exhaust and the main eenduit, installing regnlatory
buffer tanks hetween the pump and the conduits, in-
stalling buffer tanks between the main conduit and the
pulsator, using absorbing ducts to install all tubes and
tanks, and eonnecting the pulsators with elastic and
dampening tubes. The extent of the reduction was mea-
sured, and SCC data were again collected for at least
3 mo directly following the medification and were aver-
aged per farm. '

A generalized least squares approach was used in the
sceftware R (R Development Core Team, 2005) te model
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y= o+ 43X + GoXs + EF+ 5-X;-X,, where v is the
* logarithm-transformed SCC, o is the infercept, X is
the vibration {(continucus), X3 is noise (continuous), BT
is the type of milking parlor (facior using ireaiment
confrasts with the most common herringhone fype as
the level with which the other types were compared),
and X,-X, is the interaciion between vilwation and
noise. Estiimnates of the parameters o and jwere based
on restricted maximum likelihood (Pinheiro and Bates,
2000; Pinheire et al., 2005). The interaction of vibration
and noise did not reach significance {Fy4 = 0.23,
P = 0.63) and was an order of magnitude smaller than
the of vibration. Incdluding the interaction effect did not
influence the effect of vibration, but the effect of the
parameter “noise” was even smaller in the medel with
the interaction. Thus, the interaction was omitted from
the model presented above. The interackions between
type of milking parior and vibration or noise were not
included because of the size of the data set. In addition,
the heteroscedasticity arising in the different types of
milking parlors was accounted for.

The SCC of the 12 farms after medification were com-
pared with their valnes before modification nsing the
Wilcoxon test. In addition, we investigated whether a
greater reduction in vibration and noise led to a greater
reduction in SCC using a generalized least squares ap-
proach analogous to the one just deseribed. Because
the types of mitking pariors that were modified mainly
consisted of herringbhone systems, the variable “type of
milking parler” was not included as a fixed effect in
this madel but still remsined as a term to account for
differences in variability. We checked that the 2 auto-
tandem parlors and the 1 side-by-side parlor in the
sample did not stand out on a scatier plot (Figure 1e).
For the effects of modification, the response and explan-
atory variables were investigated in their raw form,
log-transformed, and expressed as relative changes in
comparisen with the state bhefore medification. Only
one model, based on the relative change of all these
variables, is presented here.

To enable us to compare the relative mportance of
vibration and noise direcily, that is, o compare their
estimated slope parameters, these variables were nor-
malized (i.e., from each value the mean was sublracted
and this difference was divided by the standard devia-
iion). To satisfy statistical assumptions, SCC were log-
transiormed in the model of the full data sef. Assamp-
tions of the models were checked using a graphieal anal-
ysis of residuals.

There was ne correlation belween measures of vibra-
tion and neise (fndl data set: Kendall T=0.14, P= .16,
n = 50; madified pariors: Kendall 7= 0.05, P=083.n=
12); thus, the influences of vibration and noise conid be
estimated independenily in {his data set.
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In the analysis of the full data set, SCC values n-
creased perceplibly with increasing vibration (Fy g =
33.76, P < 0.001; Figure 1a), whereas the relationship
with noise did net reach significance (Fy 4, =039, P =
0.53). The slope parameter was much greater for vibra-
tion than for neise (by a factor of approximately 90 on
the log seale). The type of milking parlor had a small
infiuence on SCC, with SCC values lower in the aufo-
tandem and side-by-side parlors and somewhat higher
in the {(one) carousel parlor compared with the herring-
hone parlors (Fg 4 = 3.57, P = 0021

The modification led to a median decrease in vibra-
tion and noise of 0.35 m/s® and 6 dB, respectively (range:
0 to 0.9 m/s?, 3 to 24 dB). This ahsohirte decrease was
highly correlated with the relative decrease (Pearson
r = 0.80 for vibration and r = 0.99 for noise). The modifi-
cation in the milking parlors led to a decrease in SCC
on all farms (Wilcoxon test: V = 78, P < 0.001; Figure
ib). Also, the relative improvement in SCC increased
with the relative reduction of vibration (Fyg = 13.74,
P =0.005; Figure 1¢}, but not with the relative reduction
of noise (Fyp = 0.02, P = 0.89). Again, the estimated
slope parameter for vibration was much greater than
for noise (about 20-fold). As shown in Figure le, this
relationship mainly depended on one farm (where vi-
bration was at a low level cven prior te the modifica-
tion), because the relative reduction of vibration on the
other farms was within a rather narrow range and,
aecordingly, these farms had similar relative improve-
ments in SCC. H this farm was emiited from the analy-
siz, then the slope was still positive but much weaker
{Figore 1c; ¥; 3 =042, P=0.53). Even when considering
all the data, no single points obvicusly deviated from
the sugpested relafionship between the relative redue-
tion of vibratien and relative improvement m SCC.

In a previous study, Head ef al. (1993) fornd no infiu-
ence of noise on behavioral parameters refleciing well-
being or en production (milk yield and milk eomposi-
tion} in dairy cows faced with aireraft noise several
times a day independently of milking times. fn our
study, we found a clear interrelationship between high
SCC values and vibration. This sceming difference in
comparisen with the results of Tlead et al. (1993) may
be due either to the simultaneous exposure to vibration
and milking in our study or to the extension of cur
mvestigation te sbructure-borne sonic waves (vibration)
in addition o acoustic noise. I may be that the negative
effect of vibration on 3CC is mediated by reduced oxyio-
cin levels under stressful conditions, leading to a re-
duced milk vield. This would in fuwrn increase residual
milk, which could result in subelinical mastitis and
increased SCC (Bruckmaier and Blum, 1998; Stelwa-
gen b al., 2000; Bushen et 21, 2001). Beeause the modi-
ficafion was likely to lead to a2 more stable vacorum at
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Figure 1. a) Interrelation between SCC and vibration (fitted line is given for the median of the neise measurements at 72 6B and for
ﬂ}emestmmm{mtypeoiﬁﬂkingpaﬂnr,thehmg%me};himmﬁﬂﬁﬁmdﬁmmmwm&mmmammwaﬁm
belween the relafive improvement of S0C zod the relative reduction of vibration (fitted Koes are given for the medion of relative noise
improvemment of 34%; sofid Ener model with all dala points; detted Tme: model omitting the one farm where vibratisn was not reduced).

Symbols reflect the type of milking pardar: herringbone (@), antetandern (4}, side-by-side (8}, and carousel (8}

the {eals on some farms, part of the effect might have
been due to divect physical impact on the teats. In addi-
tien, we cannot completely rale suf the possibility that
the strong vibrations obhserved during mitking in this
study were an indication of a more general lack of care-
ful management and that the high SCC values wers
a resull of the same neglipent management praciices
rather than a divect consequence of the vibrations, On
the other hand, i is unlikely that only farmers who
were well aware of their management practices were
participating in the modification subset, bersuse vibra-
tivns are not easily pereeived by humans. Thus, even
farmers with eareful management practices may not
have been aware of & vibration problem. In addition,
we found that the SCC dropped on all the farms that
had modified their milking systems. 1t is unlikely that
such an investment in constroction resulted in a gen-
eral change in managementi practices, althengh this
cannot be excluded on the basis of our design. Finally,
there are known indicstions that stressfal events may
ingrease SCC in dairy zows (Harmoen, 19%4).

To explain the remaining variability in SCC even
after eontroiling for vibration, as shown in Figure 1a,
SCC should be collected for the individual cows, and
more detailed characteristics of the cows and the farms
need tobe recorded in fivtare studies. These characteris-
ties could include the level of subclinical and clinieal
mastitis, parity, day into Iaciation, milk yield, breed,

Hinesses, milking technigue (e.g., strength of the vac-
aurn}, space allowance, herd size, feeding regimen, sea-
son, and management intensity. In addition io a maxi-
mum value of noise and vibration, integrated measwres
of extent and duration might be valuable for inferring
stress lovels. This would help to unravel the compli-
cated web of causal relationships that result in in-
creased SCC.
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