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ABSTRACT

We investigated the hypothesis that somatic cell
counts (SCC) in milk are influenced by the vibration
and noise experienced by dairy cows during milking.
We therefore measured vibration and noise on 50 Swiss
dairy farms (with herringbone, autotandem, side-by-
side, or carousel parlors), where we also collected bulk
tank SCC. Somatic cell counts increased with an in-
creasing intensity of vibration but not with acoustic
noise. Cows milked in autotandem and side-by-side par-
lors had lower SCC than those in the other 2 types of
milking parlors. On 12 farms where the milking system
was modified to reduce vibration and noise, SCC also
dropped. In addition, the relative 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.
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Beef cattle react with unrest and an increased heart
rate to noise during 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
influence the well-being of dairy cows and thus, indi-
rectly, their health and milk production. In a previous
study, this notion could not be supported when dairy
cows were subjected to aircraft noise just before the
onset of milking (Head et al., 1993). Dairy cows are
faced much more directly with sonic waves (noise and
vibration) in the milking parlor, and we investigated
whether and to what extent structure-borne sonic
waves (vibration) and airborne 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 carousel milking parlor; Nosal et al., 2004) repre-
senting the common types of milking parlors in Switzer-
land. On each farm, vibration (m/s?, at the manure
splash guards; integrating vibration meter, model 2513,
Briiel & Kjeer, Neerum, Denmark; 0.1 to 100 m/s?) and
noise (dB, at approximately 1.2 m height in the milking
stall head area; sound level meter, model 2232, Briiel &
Kjeer; 34 to 130 dB) were measured while the milking
machine was running. The highest amplitudes of vibra-
tion and noise were noted because these extremes were
thought to have an effect on the well-being of the cows
in the milking parlor.

We measured SCC on farms using bulk tank milk
samples. Such samples have been shown to be relatively
independent of management factors (because only 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 subject to monthly milk SCC checks,
for which a sample is taken from the storage tank (thus,
an average SCC weighted by the individual milk yield
is measured per herd). All the SCC measurements 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 (9 herringbone, 2 autotandem,
and 1 side-by-side), the milking parlor was then modi-
fied to reduce vibration and noise levels during milking.
Modifications were made specifically on each farm and
included putting the vacuum pump on rubber supports,
using rubber tubing to connect the vacuum pump to
the exhaust and the main conduit, installing regulatory
buffer tanks between 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 connecting 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 modification and were aver-
aged per farm.

A generalized least squares approach was used in the
software R (R Development Core Team, 2005) to model
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y=uoa+ ﬁl'Xl + 62'X2 + ETP+ 53‘X1'X2, where y is the
logarithm-transformed SCC, « is the intercept, X; is
the vibration (continuous), X5 is noise (continuous), E™F
is the type of milking parlor (factor using treatment
contrasts with the most common herringbone type as
the level with which the other types were compared),
and X;-X; is the interaction between vibration and
noise. Estimates of the parameters a and 3 were based
on restricted maximum likelihood (Pinheiro and Bates,
2000; Pinheiro et al., 2005). The interaction of vibration
and noise did not reach significance (Fy43 = 0.23,
P =0.63) and was an order of magnitude smaller than
the of vibration. Including the interaction effect did not
influence the effect of vibration, but the effect of the
parameter “noise” was even smaller in the model with
the interaction. Thus, the interaction was omitted from
the model presented above. The interactions between
type of milking parlor 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 modification were com-
pared with their values before modification using 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 described. Because
the types of milking parlors that were modified mainly
consisted of herringbone systems, the variable “type of
milking parlor” was not included as a fixed effect in
this model but still remained 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 scatter plot (Figure 1c).
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
comparison with the state before modification. Only
one model, based on the relative change of all these
variables, is presented here.

To enable us to compare the relative importance of
vibration and noise directly, that is, to compare their
estimated slope parameters, these variables were nor-
malized (i.e., from each value the mean was subtracted
and this difference was divided by the standard devia-
tion). To satisfy statistical assumptions, SCC were log-
transformed in the model of the full data set. Assump-
tions of the models were checked using a graphical anal-
ysis of residuals.

There was no correlation between measures of vibra-
tion and noise (full data set: Kendall 7= 0.14, P = 0.16,
n = 50; modified parlors: Kendall 7= 0.05, P=0.83, n =
12); thus, the influences of vibration and noise could be
estimated independently in this data set.
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In the analysis of the full data set, SCC values in-
creased perceptibly with increasing vibration (Fy44 =
33.76, P < 0.001; Figure 1a), whereas the relationship
with noise did not reach significance (F; 44 = 0.39, P =
0.53). The slope parameter was much greater for vibra-
tion than for noise (by a factor of approximately 90 on
the log scale). The type of milking parlor had a small
influence on SCC, with SCC values lower in the auto-
tandem and side-by-side parlors and somewhat higher
in the (one) carousel parlor compared with the herring-
bone parlors (Fs44 = 3.57, P = 0.021).

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 absolute 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
1b). Also, the relative improvement in SCC increased
with the relative reduction of vibration (F;y = 13.74,
P =0.005; Figure 1c), but not with the relative reduction
of noise (F19 = 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 1c, this
relationship mainly depended on one farm (where vi-
bration was at a low level even prior to the modifica-
tion), because the relative reduction of vibration on the
other farms was within a rather narrow range and,
accordingly, these farms had similar relative improve-
ments in SCC. If this farm was omitted from the analy-
sis, then the slope was still positive but much weaker
(Figure 1c; F1 g = 0.42, P = 0.53). Even when considering
all the data, no single points obviously deviated from
the suggested relationship between the relative reduc-
tion of vibration and relative improvement in SCC.

In a previous study, Head et al. (1993) found no influ-
ence of noise on behavioral parameters reflecting well-
being or on production (milk yield and milk composi-
tion) in dairy cows faced with aircraft noise several
times a day independently of milking times. In our
study, we found a clear interrelationship between high
SCC values and vibration. This seeming difference in
comparison with the results of Head et al. (1993) may
be due either to the simultaneous exposure to vibration
and milking in our study or to the extension of our
investigation to structure-borne sonic waves (vibration)
in addition to acoustic noise. It may be that the negative
effect of vibration on SCC is mediated by reduced oxyto-
cin levels under stressful conditions, leading to a re-
duced milk yield. This would in turn increase residual
milk, which could result in subclinical mastitis and
increased SCC (Bruckmaier and Blum, 1998; Stelwa-
gen et al., 2000; Rushen et al., 2001). Because the modi-
fication was likely to lead to a more stable vacuum at
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