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Abstract

The aim of study was to assess milk production and chemical composition during the first 100 days of lactation,
under the influence of electrical conductivity, parity and days in milk. Study was conducted at Research and
Development Station for Bovine Arad, on 66 Romanian Spotted cows (20 primiparous, 46 multiparous).
Significantly higher values (p<0.017) of electrical conductivity were recorded for primiparous (10.15+0.09 mS/cm)
compared with multiparous (8.79£0.15 mS/cm). During the first 30 DIM electrical conductivity was higher (9.7+0.12
mS/cm) than for 31 to 60 DIM (9.04+0.12 mS/cm; p<0.001) and for 61 to 100 DIM (8.17+0.11 mS/cm, p<0.001).
Multifactorial regression model applied highlights significant influence of month of calving (p<0.001) and DIM
(p<0.034) on the electrical conductivity, while parity had no influence (p>0.36). Medium and negative correlations
were calculated between electrical conductivity and some chemical components (fat R=-0.15, protein R=-0.13),
while to milk production correlation was positive (R=0.12). No significant correlations were obtained according to
lactose content (R=-0.013). Dynamics of milk production and chemical composition have been significantly
influenced by month of calving (p<0.001), DIM (p<0.001) and parity (p<0.002). This study found no significant
influence of milk electrical conductivity on milk production or chemical composition (p>0.59).
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1. Introduction effects. Reduction of milk production as well as

the reduction of its chemical composition can be
Mastitis is the mammary gland disorder with a visible with 4-7 days before mastitis diagnostic
significant impact on milk production and and the effects could extend for 4-5 months [1].
chemical composition. It is also the most frequent The productive and qualitative losses registered
and costly disease in dairy herds. Studies under the influence of mastitis are significant.
conducted reveal productive and qualitative Seegers et al. (2003) show an average loss of 375
losses, reducing of current lactation (in some cases kg of milk for each relapse of mastitis during the
even the subsequent ones), impairment of current lactation [2]. A reduction of about 600 kg
reproductive patterns, leading often to increase the milk was recorded in the study performed by
proportion of necessity culling in the dairy herd. Wilson et al. (2004) [3]. Early detection of
Losses in dairy herds were estimated to 22% changes occurring in  morphological and
(Holstein—in France) and 19% (in Northern physiological mammary gland and timely
Ireland). Mastitis presents long-term residual intervention based on specific medical treatments,
have the ability to significantly limit production
* Corresponding author: Radu Neamt, !osges and the m{:\stitis persistence [4]. The
neamtr@yahoo.com incidence of mastitis reaches thresholds of 20-
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40% in dairy herds, causing costs by 45% higher
[5].

Constant and continuous evaluation of udder
health could be a simple and efficient method to
alert for farmers [6]. Livestock practice allows
easy detection of mastitis based on a wide range of
specific methods. Determining the number of
somatic cells alongside with the specific
bacteriological examination performed on samples
of milk are reliable methods but due to their
complexity do not allows the application of them
as a daily routine [7]. The electrical conductivity
of milk is a realistic indicator of udder health
being introduced in specific assessments,
accentuated in the last few decades [8].

According to other complex methods for
monitoring the udder health, significant
correlations were established (R=0.3-0.4), so the
evaluation of milk electrical conductivity can be
considered a method with high precision [9, 10].
Conducted in time, researches have demonstrated
a strong association between the electrical
conductivity of milk and presence of mammary
infections [11, 12]. Moreover, the electrical
conductivity of milk is a reliable and suitable in
daily routine indicator for monitoring the udder
health, early detection of mastitis and preventing
economic loss. Evaluating the milk electrical
conductivity, llie et al. (2010) has succeeded to
accurately diagnose 81.4% of clinical mastitis and
44% of subclinical ones [13].

The risk of mastitis has a dynamic variability
during lactation. An increased incidence was
recorded during the first month of lactation and in
primiparous cows [14]. The early period of
lactation presents an increased risk of udder
disease, with negative effects on the rate of milk
ejection and the milk quantity and quality [15].
Occurrence of mastitis during the first 100 days of
lactation has a long persistence on productive
values, being the main cause of cow exits from
herds (30-35% of cows) [16]. Bimodality of milk
flow trait, under the influence of the lactation
phase and the udder readiness for milking, are
causes of mastitis occurrence [17].

Advancement in lactation leads to an increase in
milk conductivity, by about 0.18 units/day.
However, electrical conductivity of milk is under
a significant influence of the ambient temperature,
which causes increases by 0.01 units/day for each
extra degree. Also, a decrease in milk production
of about 0.018 kg/day was observed [6].
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Significant decrease of milk production was
recorded by 10-14 days before mastitis diagnosis,
alongside with 8-10% increase of electrical
conductivity of milk. Remanence of the situation
has been assessed at approx. 60 days after healing
[6]. Significant increase of milk electrical
conductivity in case of mastitis was found by
Murray et al. (1998) [18]. Negative effects of

mastitis are recorded in  milk chemical
composition, milk flow traits as well as milking
efficiency [19].

Increased electrical conductivity of the mastitis
milk leads to a decreased fat content in milk [18,
20]. Analyses conducted on the dynamics of
protein content in relationship with the electrical
conductivity of milk show conflicting results.
Estimation of protein content is based on milk
nitrogen, whose levels increase significantly in
mammary infections.

Analysing dynamics of casein, a decrease in the
milk from mastitis infected cows was observed.
This process runs intensively between daily
milking, as well as during the milking, under the
action of proteolytic enzymes [21, 22]. Mammary
infections determine the reduction of the lactose
content in milk [20]. Increased milk electrical
conductivity determined by the presence of
mammary infections leads to changes in milk pH.
Studies conducted for that purpose by various
research groups had yielded conflicting results.
Mara et al. (1993) found an increase of milk pH in
mastitis infections, results confirmed in studies
conducted by Kaptan et al (2011) [23, 24]. In
contradiction, studies conducted by Baljinder et
al. (2005) found no significant differences in pH
between the milk from healthy and mastitis
infected cows [20].

Conducted in time, researches in this area reveals
unequivocally interrelationship  between the
electrical conductivity of milk and presence of
mastitis infections [25].

Norberg E. et al., (2005, 2006) calculated (in
successive studies) higher correlation coefficients
for milk electrical conductivity in relation to the
presence of mastitis infections R=0.65-0.8 [26,
27].

The electrical conductivity of milk can be
introduced as a trait in the genetic improvement
programs for resistance to mastitis.

High heritability coefficient of this trait has been
highlighted by multiple studies. Heritability values
are presented as medium to high. Norberg et al.
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(2004, 2005, 2006) calculated heritability
coefficients with values between 0.12 and 0.39
[12, 26, 27].

2. Materials and methods

The research activities were performed in
accordance with the European Union’s Directive
for animal experimentation (Directive
2010/63/EV).

The study was carried out at the Research and
Development Station for Bovine Arad, Romania
(location: 46° 10" 36" N, 21° 18 4" E, 107 m
altitude, 582 mm annual average rainfall, 21°C/-
1°C average temperature corresponding for
summer/winter, with an annual average
temperature of 10.5°C).

The aim of study was to assess milk production
and chemical composition during the first 100
days of lactation, under the influence of electrical
conductivity, parity and days in milk (DIM).

The animals from this farm were reared in a semi-
intensive system, characterized by moderate
growth rate in young stock (500-750 g/day) and
moderate productive values for lactating cows
(5500-6200 kg milk / normal lactation).
Productive lifetime for lactating cows averages 5.2
lactations.

Cows are rearing in loose housing all year round.
The milking was performed twice a day on a
milking parlour (2x14 places).

Recording data regarding milk production and
milk  electrical  conductivity was  done
automatically, individually, and separately for
each milking session with Afimilk specialized
software. Related data for chemical composition
of milk (fat, protein, lactose) were recorded
following the analysis performed by LactoStar
multi-parameters analyser which is a device for
analysis of milk, with the ability to determine
precisely the fat, protein, and lactose percentage,
density and freezing point of milk, the addition of
water, pH and milk temperature.

Data was collected daily from a total of 66
Romanian Spotted cows, Fleckvieh type, 20
primiparous and 46 multiparous cows in different
lactations (2 to 5). Data collected aimed 1) daily
milk production; 1I) fat content; IlI) protein
content; 1V) lactose content; V) electrical
conductivity, corresponding to the first 100 DIM.
Dynamics of milk production and its chemical
composition was evaluated under the influence
factors included in the study 1) milk electrical
conductivity; Il) calving month (August-October);
[11) DIM (1-30 DIM, 31-60 DIM, 61-100 DIM);
IV) parity of cows (primiparous, multiparous).
Data regarding somatic cell count (SCC) were
collected individually based official performance
control to be correlated with values of milk
electrical conductivity. Based on SCC cows were
classified as: I) clinically healthy (SCC<200x10%)
II) subclinical mastitis (SCC<400x10%), I11)
clinical mastitis (SCC> 400x10°).

Data were analysed used Statistica software
(StatSoft) v. 13 [28]. Results were expressed as
means (tstandard error) used the Basic Statistics.
Differences between groups of data were assessed
using t test. Correlation coefficients were
calculated for milk production and quality traits in
relation to influence factors included in study,
based on Pearson correlation. The influence level
of factors has been established based on a
multifactorial regression model. Multifactorial
regression model was applied including different
associations models of influential factors.

3. Results and discussion

Results expressed as average values and standard
error of the mean for milk production, chemical
composition, milk  electrical  conductivity
according to the DIM, cow’s parity, and SCC are
presented in Table 1, Table 2 and Table 3,
respectively.

Table 1. Means (tstandard error) for milk production, chemical composition and electrical conductivity
(EC) according to DIM

Parameters DIM 1-30 DIM 31-60 DIM 61-100 Average
Milk (kg) 19.62+0.52°  17.62+0.5° 16.22+0.56° | 17.94+0.3
Fat (%) 3.69+0.11% 4.16+0.1° 4.45+0.07° 4.1+0.06
Protein (%) 3.25+0.04% 3.32+0.04° 3.53+0.04° 3.37£0.02
Lactose (%) 4.82+0.03° 4.87+0.03° 4.92+0.04° 4.87+0.02
EC (mS/cm) 9.7+0.12° 9.04+0.12° 8.17+0.11° 8.97+0.08

Rows with different superscript differ significantly at p<0.05
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Table 2. Means (tstandard error) for milk production, chemical composition and electrical conductivity
(EC) according to cow's parity

Parity Milk (kg) Fat (%) Protein (%)  Lactose (%) EC (mS/cm)
Primiparous 19.08+0.3% 4.11+0.15° 3.4+0.04% 4.80+0.02° 10.15+0.18%
Multiparous 18.90+0.4° 4.18+0.12° 3.4+0.03° 4.87+0.03° 8.79+0.19"

Columns with different superscript differ significantly at p<0.05

Table 3. Means (zstandard error) for milk production, chemical composition and electrical conductivity
(EC) according to SCC

scc . \;Q’ecrgge Milk (kg) ~ Fat(%)  Protein (%) Lactose (%) EC (mS/cm)
<200x10° 116x10°  18.80+0.5° 4.5+0.08° 3.3740.03° 4.98+0.02°  8.32+0.06°
201-400x10° 308x10°  18.12+0.5% 42+0.08%  3.36+0.04%°  4.87+0.03°  9.80+0.07°
>400x10° 591x10°  16.00+0.4° 3.9+0.11° 3.14+0.06° 4.19+0.03*  12.03+0.05°

Columns with different superscript differ significantly at p<0.05

Milk production decreases with advancing into
lactation. Results showed an average value of
19.62+0.52 kg milk for first 30 DIM, which was
significantly higher compared to values obtained
in 31-60 DIM (17.62+0.5 kg milk, p<0.008) and
61-100 DIM (16.22+0.56 kg milk, p<0.001).

Milk production recorded for the first 30 DIM had
the highest value compared to others two intervals
of lactation. Associated with a high EC value, the
milk production recorded a decreasing trend in
lactation interval sequences. A similar trend was
also recorded for EC Production losses were fast
and pronounced due to increased value of milk EC
in the early stage of lactation, results also obtained
by Hammer et al. (2012) and Tancin et al (2006)
[14, 15]. Increased value of milk EC recorded in
the first 30 DIM was maintained throughout the
entire study period, confirming the results
obtained by Lukas et al (2009) [6]. The decreasing
trend of milk production for the entire period of
100 DIM had a rate of 0.037 kg milk/day. In
comparison, Kocak (2006) recorded a higher loss
rate in Holstein cows (0.76-4.56 kg milk/day)
particularly in confirmed clinical mastitis [29].
Even if milk EC decreased during the study period
by 0.017 units/day, the high value recorded since
the early stages of lactation makes its remanence
on the productive level to be extended, confirming
the results also obtained by Rajala et al. (1999)
[30]. Increased levels of milk EC soon after
calving, has induced a production loss rate by 16%
in primiparous and a significantly reduced loss
rate (5.4%) in multiparous cows. Values were
higher compared with cases when a high milk EC
had been installed in other phases of lactation, as
demonstrated by Hagnestam et al. (2009) which
recorded a loss rate between 3 and 9% for
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multiparous and 4 to 18% in primiparous cows
[31]. Dynamics of milk EC in the sequence of
lactation intervals included in this study can be
explained based on milk chemical composition.
Increased milk EC values immediately after
calving is generally associated with an increased
SCC, particularly in colostrum sub-period [32].
This is mainly due to the morphological structure
of the udder characterized by a high sensitivity
and permeability of the tissue.

Fat content increased significantly in relationship
to DIM from 3.69+0.11% for 31-60 DIM to
4.16+0.1% for 61-100 DIM (p<0.003) and to
4.45+0.07% for 61-100 DIM (p<0.001). No
significant differences were recorded for protein
content between first and second interval of DIM
(3.25£0.04% vs. 3.32+0.04%, p>0.22).

Dynamics of fat content evolves diametrically
opposed in relation to milk EC Alongside decrease
of milk EC by 0.017 units/day (15.77%) fat
content significantly increased according to
lactation intervals sequences (20.59%). Low fat
content recorded in the first 30 DIM is
corresponding to the available literature data [15,
18, 20]. Initial low milk fat content was followed
by an increasing trend due to other causes such as
parsimonious feeding, acidosis [33], ketosis [34]
or lameness [35]. The present study recorded
increases in fat content along with decreases in
milk production, which is physiologically normal.
By calculating the correlation coefficient between
fat content and milk EC a negative and low value
was recorded (R=-0.15), which raised the first
question regarding the influence of EC on this
parameter. A non-significant impact of EC on the
fat content was showed by the multifactor
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regression model applied, regardless of potentially

influence factors association (Table 4).

Table 4. Multifactorial regression model for fat content according to the influence factors association model

Parameter EC Month of calving DIM Parity

p>0.14 p=<0.001 p=<0.001 p>0.08

Fat content (%) p>0.54 p=<0.001 p>0.45
p>0.62 p=<0.001

Significantly at p<0.05

According to the multifactorial regression model
employed, the month of calving and DIM had a
significant influence on the milk fat content,
which confirm the results obtained by Masoud et
al. (2009) [36]. Although some studies found an
increase of fat content in milk from mastitis
infected cows [7, 37], others confirm the results
obtained in this study and found a decrease of fat
content at the same time with increases of milk EC
[38].

There were no significant differences in protein

content for the first two lactation intervals
(3.25+£0.04% vs. 3.32+0.04%, p>0.22). The
protein  content significantly increased at

3.53+0.04% between 61 and 100 DIM (p<0.001).

The data available in the literature often provide
contradictory results regarding the dynamics of
protein content, assessed according to values of
milk EC and the SCC. Generally, an increase of
protein content in parallel with increased EC and
SCC could be observed [38, 39, 40]. Increased
protein content occurs because of the assessment
method used, which is based on the N*
concentration. The nitrogen ions are high when

infection of the mammary gland is high.
Analysing the presence of casein confirms its
reduction in milk from mastitis infected cows.
However, some specialized studies provide
outcomes which demonstrate a decrease of protein
content in milk affected by mastitis infections
[41]. In our study we found an increase of protein
content in parallel with a reduction of the milk
EC, these results being different from those of
Litwinczuk et al. which founded a linear dynamics
of milk protein [42]. The ascendant trend of
protein content recorded for this study showed an
increase of 8.61% for the first 100 DIM. The
calculated correlation coefficient between protein
content and the EC values was low for the three
periods of the lactation included in present study
(R=0.16, R=0.07, and R=0.08, respectively).
Multifactor regression model applied (Table 5)
showed a strong influence of DIM and parity in all
models applied. The milk EC had a non-
significant influence on this parameter, possibly
because in this study, the value of milk EC does
not reflect a disease of mammary gland.

Table 5. Multifactorial regression model for protein content according to the influence factors association model

Parameter EC Month of calving DIM Parity
p>0.25 p=>0.22 p=<0.001 p=>0.001
p>0.5 p=<0.001 p=>0.001

Protein content (%) p>0.23 p=<0.001
p>0.43 p<0.001 p=<0.001
p=<0.001 p=<0.001

Significantly at p<0.05

There were no significant differences regarding
lactose content in lactation intervals sequences.
For the first 30 DIM a lactose content of
4.82+0.03% was recorded compared to
4.87+0.03% for the 31-60 DIM (p>0.36), and
4.92+0.04% for the 61-100 DIM (p>0.08). The
dynamics of the milk lactose content was strongly
and negatively correlated with the milk EC (R=-
0.64) [38]. High levels of milk EC lead to an
increase of milk pH and hence to an increasing of
milk acidity, which reduces the lactose content
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[20, 44, 45]. Despite the strong correlation with
milk EC, the lactose secretion is not affected by it.
Lesions of the mammary epithelium makes that
lactose to be expelled, this being found in blood
and urine of cows affected by mastitis, specific
analyses in this respect being helpful for accurate
diagnosis of mastitis [37, 46]. The fact that in our
study there were not found significant variations
for lactose content in lactation intervals sequences
according to milk EC raises a serious question
about accuracy in prediction of mammary
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disorders based on the milk EC assessment. The model applied (Table 6) showed a strong influence
calculated correlation coefficients between lactose of DIM and parity in all models applied. The milk
content and milk EC were negative moderate to EC had a non-significant influence on lactose
small values, showing a decreasing trend along the content. It is possible that in our study, the value
lactation interval sequences (R=-0.24, R=-0.12, of milk EC do not reflect a disease of mammary
and R=-0.03, respectively). Multifactor regression gland.

Table 6. Multifactorial regression model for lactose content according to the influence factors association model
Parameter EC Month of calving DIM Parity
p>0.17 p=<0.001 p<0.028 p>0.71
p>0.16 p=<0.001 p=0.028
Lactose content (%) p>0.3 p<0.001 p>0.69
p<0.032 p>0.14 p>0.43
p>0.28 p=<0.001

Significantly at p<0.05

The lactose content is subjected to a powerful parameter strongly correlated with SCC being
influence from the month of calving and DIM. increasingly used in the early detection of mastitis.
Milk EC has not been proved to have a potentially Different installation mechanisms of mastitis,
influence in models that included month of individualized forms of cow's reaction and
calving. The results obtained from applying different intensities of changes in EC and SCC
multifactor regression model confirm that in this leads to conflicting and uneven results concerning
study milk EC does not influence the content of the degree of correlation between EC and SCC.
lactose. Implicitly, a question mark about Norberg et al. has calculated significant
accuracy of the results obtained by using only the correlation coefficients between EC and SCC
milk EC in assessing the degree of udder health is (R=0.65-0.8) [25, 26, 27]. These results are not
raised. generalized, Nielen et al. (1992) and Kamphuis et
The highest value for milk EC was recorded al. (2008) finding low correlations [47, 48]. In the
during the first 30 DIM (9.7+0.12 mS/cm). In present study low correlation between milk EC
DIM sequences, the milk EC decreased and SCC was calculated (R=0.14). The conducted
significantly to 9.04+0.12 mS/cm for second DIM analyses proved that milk EC not necessarily
period (p<0.00/) and to 8.17+0.11 mS/cm involved a high level of SCC. In this is possibly
(p<0.001) for the third period. that milk EC could be induced by other factors, at
Studies conducted on this topic obtained least in this case.

encouraging results, although often diametrically The multifactorial regression model applied
opposed, accepted by the scientific community, (Table 7) highlighted the significant effects
whereby an increase of milk EC denotes (largely) exerted by the month of calving and implicitly by
an imminent mastitis, even with 7-14 days before the ambient temperature on milk EC in different
its clinical diagnosis. Basically, milk EC is a models applied.

Table 7. Multifactorial regression model for milk electrical conductivity according to the influence factors
association model

Parameter Month of calving DIM Parity
p<0.001 p=<0.034 p>0.36
EC (mS/cm) <0.001 0>0.36
Significantly at p<0.05
Milk EC varied according to the month of calving in milk EC while increasing SCC was observed
and was related to the ambient temperature. Thus, (Table 3). However, there was no significant

milk EC during the first 30 DIM (mainly August) difference for milk production and its chemical
was higher, and then the values decreased together composition between clinically healthy cows
with the reducing ambient temperatures. The (SCC<200x10%) and those with a high SCC
results confirm previous studies carried out by (between 200 and 400x10°%). At a higher SCC
Yarabbi et al. (2014) [49]. A significant increase (>400x10°), related to an EC of 12 mS/cm, a
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significant reduction of milk production and
chemical components occurred.

The results obtained in this study lead us to
conclude that using only the milk EC to predict
the mastitis presence can lead to erroneous results,
situation claimed by Taylor (2004) and Hamman
(2005) [50, 51], as well.

4. Conclusions

High values of milk EC right after calving lead to
a decrease of milk production for the entire study
period. Fat and protein content increase in
lactation intervals sequence in parallel with EC
decrease. Milk fat content is strongly influenced
by the month of calving and DIM. Milk protein
content is strongly influenced by DIM. Lactose
content does not record significant variations,
being influenced by month of calving and DIM.
Milk EC decreases in lactation intervals sequence.
Higher values are recorded during the first 30
DIM. Milk EC was highly influenced by the
month of calving and DIM. Electrical conductivity
of milk increases in parallel with SCC. However,
both  milk production and its chemical
composition does not show the same trend as
electrical conductivity, which requires an accurate
diagnosis of mastitis based on other methods.
Parity had an influence on milk EC, higher EC
values being observed in primiparous cows. In
association with other factors included in the
present study, parity has not proved to have an
effect on milk EC, while month of calving and
DIM had a strong effect.

The results of this study recommend diagnosing
mastitis based on complementary analyses besides
milk EC, which could be used only as an auxiliary
method.
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