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ABSTRACT

The new techniques for automation of the milking process allow for early diagnosis of mastitis. Diagnosis of subclinical
mastitis should be a priority for every producer aiming to obtain raw milk of highest possible cytological quality. The
analyses were performed based on herd milking data for Polish Holstein-Friesian cows yielding an average of 9500 kg
milk. The herd consisted of 180 lactating cows, data from almost 152 000 milkings were obtained. Correlations were
calculated between milk electrical conductivity vs. daily yield and milking ability of primiparous and multiparous cows.
The numerical data were statistically analysed using multifactorial analysis of variance. An increase in milk electrical
conductivity and thus deteriorating udder health were paralleled by a significantly lower milk yield in both primiparous
and multiparous cows. In primiparous cows, the decrease was 4.7 kg (from 32.0 with milk electrical conductivity of
≤5.50 mS/cm to 27.3 kg with conductivity of >7.00 mS/cm). A notably greater reduction in productivity was observed
for multiparous cows (5.5 kg) between the extreme ranges of milk electrical conductivity. In both primiparous and
multiparous cows, milking time increased progressively with increasing range of milk electrical conductivity (from 366
to 372 s and from 369 to 379 s, respectively). Milk yield per minute decreased by 0.41 kg (from 2.23 to 1.82 kg/min.) in
older cows and by 0.32 kg (from 2.05 to 1.73 kg/min.) in primiparous cows. The deteriorating udder health caused a
significant decrease in daily milk yield of the primiparous and multiparous cows in every lactation period. For both
primiparous and multiparous cows, the highest milk yields per minute (2.08, 2.20, 2.20 and 1.88; 2.57, 2.37, 2.18 and
1.96 kg/min., respectively) in all lactation periods were observed when milk electrical conductivity (≤5.50 mS/cm) was
indicative of very good udder health. In summing up, it is concluded that throughout lactation, in both primiparous and
multiparous cows, daily milk yield decreased with increasing electrical conductivity of the milk and thus with
deteriorating udder health. Furthermore, milk electrical conductivity had a significant effect (in the interaction with
lactation period and daily milk yield of the cows) on milkability traits.
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INTRODUCTION

Modern cow milking technology enables
collecting more and more data concerning both animals
and milk parameters on an ongoing basis. The new
techniques for automation of the milking process allow
for early diagnosis of mastitis, and play a significant role
in analysing changes in milk composition and milk
production from different udder quarters (Forsbäck et al.,
2010; Jędruś, 2013). All of this information allows
farmers to select the proper dairy management strategy,
to make accurate selection decisions aiming to improve
udder structure (elimination of cows with substandard
milk production) and are important in preventing mastitis,
which causes considerable economic losses (Atasever and
Erdem, 2009).

One of the methods used to detect mastitis is to
measure the electrical conductivity of milk. Under this

method, cow mastitis is detected based on changes in
mineral salts and lactose due to this disease. Importantly,
the measurement of milk electrical conductivity allows
clinical mastitis to be detected before changes in
collected milk or udder tissue are visible. Conductivity
measurements enable mastitis to be detected two or more
milkings before visual signs appear (Norberg, 2005;
Berglund et al., 2007). Changes in milk electrical
conductivity, measured by instruments installed in the
milking system, provide basic information for the
computer herd management system. This system records
milk conductivity data during each milking and shows the
cows whose electrical conductivity differs from
standards. In the presence of mastitis, electrical
conductivity of milk increases due to increases in milk
sodium and chlorine levels, and decreases in potassium
and lactose, which are accompanied by increased pH. The
presence of sodium and chlorine has a positive effect on
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the value of electrical conductivity, because resistance
and conductivity of a liquid depend on its composition
and temperature (Bruckmaier et al., 2004). Also the
presence of somatic cells as well as serum albumin
changes the passage of an electric current through milk.

Milk from a healthy gland has an electrical
conductivity of 4.00-5.50 mS/cm at 25°C (Yoshida et al.,
2005). As reported by Park et al. (2007) and Ilie et al.
(2010), milk with a temperature of 37°C drawn from a
healthy cow has a conductivity from 4.54 mS/cm, but
with a deterioration in udder health it increases to 6.31
mS/cm and above in clinical mastitis. According to
Nowak et al. (1990), the correlation between milk
electrical conductivity and the number of milk somatic
cells is 0.91.

Kasikci et al. (2012) report that early diagnosis
of subclinical mastitis should be a priority for every
producer aiming to obtain raw milk of highest possible
cytological quality. Measurement of milk electrical
conductivity is one of the indicators of such diagnosis,
because it provides an early warning system by
monitoring udder health at each milking.

The objective of the study was to determine the
effect of milk electrical conductivity in automatically
milked cows on their daily yield and milking ability, with
consideration of their age and lactation period.

MATERIALS AND METHODS

The analyses were performed based on herd
milking data for Polish Holstein-Friesian cows (Black-
and-White variety) yielding an average of 9500 kg milk
with 3.36% protein and 3.76% fat. The herd consisted of
180 lactating cows. Statistical analysis of the data
included 59503 daily milking records (number of cows
milked on a given day  365 days). With an average herd
milking frequency of 2.55 times/day, data from almost
152 000 milkings were obtained.

Cows were kept in a free-stall barn and received
PMR and concentrate diets to meet the current
maintenance and production requirements. The
concentrate, which contained maize, soybean or rapeseed
meal, triticale and premix, was offered from feeders in
milking robots. Cows were milked by 3 automatic
milking robots.

The data from the herd management system
were used to calculate the following milking parameters
of the cows:
- daily yield [kg milk], and milkability traits:
- milking duration [s],
- milk yield per cow [kg/min.].
The statistical analysis of these milking parameters
accounted for:
- milk electrical conductivity (≤5.50 mS/cm – healthy
cows; 5.51-7.00 mS/cm – cows with elevated somatic cell
count, early subclinical mastitis; >7.00 mS/cm –

subclinical mastitis and clinical mastitis),
- age of cows (primiparous, multiparous),
- period of lactation (≤100, 101-200, 201-300, >300
days),
- daily production level (≤25.0, 25.1-35.0, >35.0 kg).

Correlations were calculated between milk
electrical conductivity vs. daily yield and milking ability
of primiparous and multiparous cows. In addition, the
effects of the milk electrical conductivity by lactation
period interaction on daily yield and milkability of the
cows, and of the electrical conductivity by daily yield
interaction on milkability were determined.

The numerical data were statistically analysed
using multifactorial analysis of variance (GLM
procedure). Significant differences between the means
were analysed with the Scheffe test (SAS, 2017).

RESULTS AND DISCUSSION

Earlier research indicates that milk obtained
from healthy cows has an electrical conductivity of less
than 5.50 mS/cm (Hillerton and Walton, 1991; Hamann
and Gyodi, 2000). Based on this classification, milk from
about 51% of the milkings was found to have an
electrical conductivity below ≤5.50 mS/cm, which means
that it was collected from cows with healthy udders
(Table 1). In the milk of healthy cows, somatic cell count
is below 200 thous./ml. Schepers et al. (1997) consider
this figure as the threshold value between healthy and
diseased udder. Another 28.8% of milk samples had an
electrical conductivity of 5.51-7.00 mS/cm, indicating
mild subclinical mastitis. In turn, 20.3% of the samples,
grouped into the third class (milk electrical conductivity
of >7.00 mS/cm) came from cows with advanced
subclinical mastitis, or clinical mastitis. The close
association of milk electrical conductivity with udder
health and productivity was reported by Antanaitis et al.
(2015). Milk electrical conductivity reached 6.50 mS/cm
in cows with subclinical mastitis, 8.50 mS/cm during the
period preceding the onset of clinical signs, and 9.0
mS/cm after their manifestation. After treatment, the
electrical conductivity of milk returned to normal levels.

The deteriorating udder health was accompanied
by a considerable decrease in daily milk production
(p≤0.01). The decrease was 6.9% between the first and
second class of electrical conductivity (from 33.3 to 31.0
kg), and 16.8% between the first and third class (from
33.3 to 27.7 kg). For milkability parameters in successive
ranges of milk electrical conductivity, milking time
increased (from 366 to 378 s) while the mean milk yield
per minute decreased (from 2.15 to 1.73 kg/min.).
Larroque et al. (2005) reported that milking time was
related to udder health, with considerable differences in
milking time between healthy and sick cows, especially
those with clinical mastitis. According to the same
authors, when milk electrical conductivity increases, the
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concomitant increase in mastitis has an adverse effect on
the teats (teat canal, sphincter), thus decreasing the milk
flow and increasing the milking time. Hillerton and
Semmens (1999) suggest that milking time could also be
a useful tool for mastitis detection.

In terms of the production level, older cows
surpassed primiparous cows with the mean daily milk
yield of 32.0 vs. 29.5 kg (Table 2). As milk electrical
conductivity increased, daily milk yield decreased
significantly (p≤0.01) in both primiparous and
multiparous cows. In primiparous cows, the decrease was
4.7 kg (from 32.0 kg with milk electrical conductivity
≤5.50 mS/cm to 27.3 kg with conductivity >7.00 mS/cm).
Multiparous cows showed a clearly higher decrease in
milk yield (5.5 kg between the extreme ranges of milk
electrical conductivity).

According to Hovinen and Pyorali (2011), the
lower milk production associated with mastitis problems
in automatic milking systems, is due, among others, to
the fact that the teats are cleaned without the visual
control of the milker and mastitis is automatically
detected.

Our study showed that udder health, determined
by milk electrical conductivity, has a significant effect on
milking time (Table 2). In both primiparous and
multiparous cows, milking time increased with the
increasing ranges of milk electrical conductivity (from
366 to 372 s and from 369 to 379 s, respectively).

The milkability parameter of mean milk yield
per minute was found to decrease with the increasing
ranges of milk electrical conductivity. It decreased by
0.41 kg/min. in older cows (from 2.23 to 1.82 kg/min.),
and by 0.32 kg/min. in primiparous cows (from 2.05 to
1.73 kg/min.).

According to Weiss et al. (2004), milk flow
(peak or per unit of time) is influenced, to a certain
extent, by the anatomical and functional characteristics of
the teats.

The deteriorating udder health, which was
determined based on milk electrical conductivity, caused
a statistically significant (p≤0.01) decrease in daily milk
yield of primiparous and multiparous cows in each
lactation period (Table 3). The highest decrease in daily
milk yield (by 4.1 kg) was observed in primiparous cows
in the third lactation period (from 31.6 kg with milk
electrical conductivity ≤5.50 mS/cm to 27.5 kg with
conductivity >7.00 mS/cm). In the other lactation
periods, as udder health deteriorated, the cows’ milk yield
decreased by 1.8 kg (beginning of lactation) to 2.3 kg
(end of lactation). More rapid changes in daily milk yield
were noted in the multiparous cows. In each lactation
period, the increase in milk electrical conductivity was
paralleled by a more than 10% reduction in milk yield. It
is worth noting that the lowest decrease (from 29.2 to
26.2 kg milk) occurred in multiparous cows between 201
and 300 days of lactation, whereas in primiparous cows it

was the highest during this period. Among multiparous
cows, cows in the final stage of lactation showed the
most marked response to the deteriorating udder health.
Their daily milk yield decreased by more than 20%, from
24.2 to 18.8.

These results, which show that deteriorating
udder health entails milk production losses (from the very
beginning of lactation) in both primiparous and
multiparous cows, provide evidence that it is
economically important for cows to start out their
lactations with healthy udders. For this to happen, the
health status of udders in in-calf heifers and multiparous
cows should be closely monitored during the dry period.

Regardless of the lactation period, milking time
varied (p≤0.01) according to milk electrical conductivity.
In each lactation period, milking time increased with
deteriorating udder health, with cows entering lactation
showing the longest milking time (360, 382 and 388 s,
respectively); in this group, the longest milking time of
primiparous cows (388 s) and at the same time the
highest increase in milking time (by 28 s) were found
(Table 3). It is worth adding that the shortest milking time
(354 s) in primiparous cows was noted in the last period
of lactation and in the first class of milk electrical
conductivity. In primiparous cows, milking time in
successive lactation periods also increased with the
increasing electrical conductivity of milk. For cows
entering lactation, milking time showed the smallest
increase (by 14 s, from 387 to 401 s), whereas for cows
between 201 and 300 days of lactation, it increased the
most (by 20 s, from 359 to 379 s). In multiparous cows,
the shortest milking time in all lactation periods (344 s)
was noted in late lactation cows in the milk electric
conductivity class of ≤5.50 mS/cm.

Edwards et al. (2014), who thoroughly
examined cow milking time at every stage of lactation,
reported the longest time (416 s) at the beginning, and the
shortest time (316 s) towards the end of lactation (days
241-300).

For both primiparous and multiparous cows, the
highest milk yields per minute in all lactation periods
(2.08, 2.20, 2.20 and 1.88; 2.57, 2.37, 2.18 and 1.96 kg
milk/min., respectively) were observed when milk
electrical conductivity (≤5.50 mS/cm) was indicative of
very good udder health. As lactation progressed and
udder health deteriorated, this parameter gradually
decreased. The decrease in mean milk yield per minute
within the lactation groups was 0.25-0.36 kg/min. in
primiparous cows and 0.41-0.55 kg/min. in multiparous
cows

In addition to the milk yield and milk quality in
its broad definition, milking speed is an important
parameter with regard to milk production profitability
(Sivarajasingam et al., 1984). The mean milk yield per
minute, obtained in our study for primiparous and
multiparous cows (during the first two lactation periods
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and with udder health determined by milk electrical
conductivity of ≤5.50 and 5.51-7.00 mS/cm – Table 3),
correspond with earlier research findings (Lee and
Choudhary, 2006; Bogucki and Neja, 2008; Sitkowska et
al., 2015).

Analysis of the results given in Table 4 shows
that the milking time of the cows increased with
deteriorating udder health – by 12, 12 and 14 s in
primiparous cows, and by 17, 18 and 20 s in multiparous
cows (p≤0.01) in successive milk yield classes. In each
daily milk yield class, the increase in electrical
conductivity was accompanied by a decrease in the mean
daily milk yield, which was the highest in cows with the
highest production potential (>35.0 kg milk/day) – by
0.19 and 0.37 kg/min., respectively. It should be
mentioned that the highest stability of this milking

parameter was observed in primiparous and multiparous
cows when their daily milk yield ranged between 25.1
and 35.0 kg.

The presented results (Tables 1, 2 and 3) clearly
show that the increase in milk electrical conductivity
(which reflects deteriorating udder health) throughout the
lactation of primiparous and multiparous cows generates
milk production losses, resulting mainly from reduced
milk yields of the cows. Not without significance are also
the deteriorating milk yield parameters (milking time,
mean yield per minute), which have a direct effect on
milking ability of the cows. Therefore, breeders and milk
producers should monitor udder health of the cows on an
ongoing basis (among others, by determining the
electrical conductivity of milk) so as to minimize the
proportion of cows with subclinical or clinical mastitis.

Table 1. Effect of milk electrical conductivity on cows’ milk yield and milkability

Traits Milk electrical conductivity [mS/cm]
≤5.50 5.51-7.00 >7.00

N (%) 30297 (50.9) 17108 (28.8) 12098 (20.3)
Daily milk yield [kg] 33.3AB 31.0AC 27.7BC

Milking time [s] 366AB 373AC 378BC

Milk yield per minute [kg/min] 2.15AB 1.94AC 1.73BC

Means within lines followed by the same letters differ significantly at P0.01

Table 2. Effect of milk electrical conductivity on daily milk yield and milkability of primiparous and multiparous
cows.

Age of cows Milk electrical
conductivity [mS/cm] N Daily milk

yield [kg]
Milking time

[s]
Milk yield per

minute [kg/min]

Primiparous
≤5.50 16240 1 32.0 366 2.05
5.51-7.00 8945 2 29.1 369 1.86
>7.00 5372 3 27.3 372 1.73

Significance of differences 1-2,3xx; 2-3xx 1-2,3xx; 2-3xx 1-2,3xx; 2-3xx

Multiparous
≤5.50 14057 1 34.6 369 2.23
5.51-7.00 8163 2 32.2 375 2.06
>7.00 6726 3 29.1 379 1.82

Significance of differences 1-2,3xx; 2-3xx 1,2-3xx; 2-3xx 1-2,3xx; 2-3xx

XXP≤0.01

Table 3. Effect of milk electrical conductivity and lactation period on daily milk yield and milkability of
primiparous and multiparous cows.

Age of cows
Lactation

period
[days]

Milk electrical
conductivity

[mS/cm]
N Daily milk

yield [kg]
Milking time

[s]

Milk yield
per minute

[kg/min]

Primiparous

≤100
≤5.50 3135 1 32.4 360 2.08
5.51-7.00 1263 2 31.5 382 1.84
>7.00 420 3 30.6 388 1.81

101-200
≤5.50 4084 4 33.1 370 2.20
5.51-7.00 1978 5 31.8 373 2.07
>7.00 811 6 30.7 374 1.95

201-300 ≤5.50 3959 7 31.6 361 2.20
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5.51-7.00 2198 8 29.1 369 2.00
>7.00 1113 9 27.5 370 1.88

>300
≤5.50 5062 10 24.6 354 1.82
5.51-7.00 3506 11 23.5 361 1.64
>7.00 3028 12 22.3 362 1.53

Significance of differences

1-2,3xx; 2-3xx

4-5,6xx; 5-6xx

7-8,9xx; 8-9x

10-11,12xx; 11-
12xx

1-2,3xx;
2-3xx;

4-5,6xx;
7-8,9xx;

10-11,12xx

1-2,3xx;
4-5,6xx;
5-6xx;

7-8,9xx;
8-9xx;

10-11,12xx;
11-12xx

Multiparous

≤100
≤5.50 3635 1 42.9 387 2.57
5.51-7.00 2338 2 41.7 389 2.48
>7.00 1926 3 37.4 401 2.16

101-200
≤5.50 3194 4 37.3 375 2.37
5.51-7.00 2354 5 37.2 376 2.26
>7.00 1950 6 32.9 392 1.84

201-300
≤5.50 2174 7 29.2 359 2.15
5.51-7.00 2049 8 28.9 371 1.99
>7.00 1651 9 26.2 379 1.67

>300
≤5.50 1054 10 24.2 344 1.96
5.51-7.00 1422 11 21.1 354 1.69
>7.00 1199 12 18.8 360 1.41

Significance of differences

1-2,3xx;
2-3xx;

4,5-6xx;
7,8-9xx;

10-11,12xx;
11-12xx

1,2-3xx;
4,5-6xx;
7-8,9xx;
8-9xx;

10-11,12xx;
11-12xx

1-2,3xx;
2-3xx;

4-5,6xx;
5-6xx;

7-8,9xx;
8-9xx;

10-11,12xx;
11-12xx

XXP≤0.01

Table 4. Effect of milk electrical conductivity and daily milk yield on milkability of primiparous and multiparous
cows.

Age of cows Daily milk
yield [kg]

Milk electrical
conductivity

[mS/cm]
N Milking time [s] Milk yield per

minute [kg/min]

Primiparous

≤25
≤5.50 5281 1 354 1.43
5.51-7.00 3474 2 364 1.27
>7.00 2817 3 366 1.25

25.1-35.0
≤5.50 6068 4 363 2.06
5.51-7.00 3828 5 372 1.98
>7.00 2195 6 375 1.94

>35.0
≤5.50 4891 7 365 2.65
5.51-7.00 1643 8 373 2.54
>7.00 360 9 379 2.46

Significance of differences
1-2,3xx;
4-5,6xx;

7-8,9xx; 8-9xx

1-2,3xx;
4-5,6xx;

7-8,9xx; 8-9xx

Multiparous ≤25
≤5.50 3441 1 359 1.60
5.51-7.00 2402 2 368 1.47
>7.00 2858 3 376 1.32
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25,1-35,0
≤5.50 4009 4 369 2.18
5.51-7.00 2291 5 376 2.08
>7.00 1864 6 386 1.95

>35.0
≤5.50 6607 7 380 2.76
5.51-7.00 3470 8 380 2.68
>7.00 2004 9 400 2.39

Significance of differences
1,2-3xx; 2-3xx;
4,5-6xx; 5-6xx;

7,8-9xx

1-2,3xx; 2-3xx;
4-5,6xx; 5-6xx;
7-8,9xx; 8-9xx

XXP≤0.01

Conclusions: In summing up, it is concluded that
throughout lactation, in both primiparous and multiparous
cows, daily milk yield decreased with increasing
electrical conductivity of the milk and thus with
deteriorating udder health. Furthermore, milk electrical
conductivity had a significant effect (in the interaction
with lactation period and daily milk yield of the cows) on
milkability traits (milking time and mean milk yield per
minute).
The authors declare that they have no conflict of interest.
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