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Abstract

The paper presents investigations of the relationship between the biochemical parameters and
vital signs in dairy cows. We analyzed the welfare and functioning of a dairy herd using biochemical
parameters and vital signs. Life and biochemical parameters were examined. In the model indicators
useful for monitoring the herd are: the age of the cows, the number of cows’ lactating, daily amount of
received milk, length of lactation period for cows in the herd, the length of inter-calving period for
cows, the number of days to effective insemination, the amount of protein in the feed, the level of
β-oxidation in leucocytes, glucose transport through red blood cells and plasma insulin. Based on the
results the mathematical model was designed allowing the presentation of a cybernetic model of cow’s
organism. There was constructed a multi-equation model which determined the relationships between
the selected variables describing the state of dairy cows in the herd and variables that characterize
their welfare with its statistical verification.
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Introduction

A dairy cows farming is a very complex system
(Bar-Yam 2003) consisting of several biological and
economic factors (Baaijen et al. 1995). A system
which would allow for analysis of interactions be-
tween all factors and their relationships would make
it possible to describe the individual components of
such system. Mathematical modeling (Murray 2002),
econometric modeling (Green 2011) and computer
simulation (Leon-Velarde et al. 2001, Bruijnis et al.
2010 ) are useful techniques to visualize from differ-
ent perspectives various processes happening in such
system. Models can be stochastic or deterministic
and they are built to analyze and describe the impli-
cations of several components such as management,
environment, nutrition, genetics, health, reproduc-
tion, etc. (Macciotta et al. 2005a, Bergman et al.
2012, Eastwood et al. 2012, Nguyen et al. 2013,
Derks et al. 2014, Hansson et al. 2014, Murphy et al.
2014).

First mathematical model concerning dairy cattle
was built in 1924, by Brody (Brody 1924, Brody et al.
1924) to describe lactation curves. Subsequently the
comparison of different lactation curve models were
described by several authors, among others (Silvestre
et al. 2006, 2010, Cankaya et al. 2011) are worth
mentioning. Mathematical analysis of milk produc-
tion represents a very successful application of
modeling systems in agriculture and animal breeding
(Vargas et al. 2000, Macciotta et al. 2005b, Klop et
al. 2013, Haile-Mariam et al. 2015). It is a valuable
tool for development and validation of mechanistic
models explaining features of milk production pat-
tern. Mathematical programming is also a very useful
tool for solving problems with optimization of dairy
cows feeding (Janzekovic et al. 2014). In literature
we can also find mathematical models describing ud-
der infections caused by different bacteria such as
Staphylococcus aureus or Brucella abortus (Lam et al.
1996, Nie et al. 2014). The applied models describe
the relationship of milk production and health of
dairy cows (Roche et al. 2009, Mantysaari et al. 2012,
Tosi et al. 2012, Vergara et al. 2012), Vergara et al.
2014). This type of research is often associated with
searching for the relationships between the blood
test results and the welfare of dairy cows (Uden et al.
2008), (Matthews et al. 2012, Radkowska et al.
2014).

In this work we continued the above mentioned
research trends and aimed to construct a digital
model of a dairy cow. Cybernetics in the general sense
is the science of control (Ross 1963, Wiener 1965). Its
use, mainly in technical applications, results from the
fact that if a cybernetic model of an object is being

constructed, the relationships between various kinds
of variables, that describe the model, are analyzed.
Most frequently these variables are divided into the
input variables, output variables and internal vari-
ables, describing the state of the object. During con-
structing a cybernetic model we should formally de-
scribe all the available characteristics and show the
relationships between them mostly as a mathematical
model in the form of algebraic equations, differential
equations, etc. In effect it allows us to formulate the
problem of object control, for example such as how to
determine the input values to achieve the desired out-
put characteristics of the test object. But it should be
remembered that not always we know all the charac-
teristics of the object that we want to control. Usually,
that applies to the descriptions of the characteristics
which define the internal state of the object. Then the
constructed model is called a black box. Based on ob-
tained measurement results of input and output char-
acteristics, we can investigate the assumed functional
form connected with input variables impact on the
object. This allows, in the following stages of research,
to formulate the problem of object control.

There is a natural question relating to whether the
object of considerations in the construction of cyber-
netic model, and also the potential object of control,
can be a live animal or even a group of animals of the
same type. It is assumed that the study is connected
with a herd of dairy cows, for which biochemical par-
ameters and vital functions will be examined in order
to create the basis for the construction of the cyber-
netic model of cow’s organism. The research problem
considered in this case, is to determine the identity of
the quantitative and qualitative relationships between
certain associations characterizing the process of
breeding dairy cows in the herd. This could allow us to
formulate some recommendations for cattle breeders
and veterinarians regarding their activities in the pro-
cess of cow’s breeding in order to obtain satisfactory
results in increased productivity, health and reproduc-
tion in dairy cow herds. In this problem of control it is
assumed that we should follow the widely understood
welfare of animals in the herd in the process of repro-
duction and breeding.

The intense regime of livestock farming subject
dairy cows to numerous actions to maximize produc-
tion effects, but the reaction of the cow’s body under
influence of these activities is not always positive. It
can be said that indicators of the cow’s welfare can be:
their longevity, increasing milk production, reproduc-
tive efficiency, immunity, proper BCS, and even the
behavior of the cows in contact with the supporting
farm staff. Well targeted and motivated tasks for
cattle breeders and veterinarians should help to in-
crease production efficiency and food safety.
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Materials and Methods

It was assumed that the methodology for studying
a dairy herd would include many various variables.
One is the quality of fodder given to animals as it
affects condition, productivity and health of the cows.
This takes into account, among others, the content of
dry matter, starch, protein, fiber ADF and NDF, ash
and the size of the fodder. Moreover, the energy pro-
vided by the feed is affected, in addition to the men-
tioned above ingredients, by trace elements and vit-
amins.

The other analyzed factor is the environmental
conditions, which are called the living conditions, and
include temperature in the cowshed, humidity and the
intensity of air movement, the type of stalls and bed-
ding and free access to the feed. Another factor is the
length of lactation, which depends not only on the
lactation period, resulting from the reproductive
cycles, but is also influenced by the farmer who de-
cides to dry up the cow, which is the intended termi-
nation of lactation, so it is the control factor in the
management processes connected with cows’ body
state.

It is worth to mention that lactation lasts from the
date of delivery to the drying period and should last
for about 305 days. Insemination time should also be
considered as a typical input factor (control factor)
for the model of cow organism because it is repeated
regularly during the reproductive cycle. Another fac-
tor is the cowshed that is understood as certain fea-
tures of the environment in which cow stays. It should
be noted that this characteristic is associated not only
with a single cow, but to a large extent, with the whole
herd.

There is no doubt that the state of the cowshed
has an impact on the condition of the animals in the
herd and it can be presumed that it also has an influ-
ence on the reproductive parameters. The often over-
looked factor when describing the herd is the knowl-
edge of the herd owner. We can take into account the
knowledge of the owner associated with vital pro-
cesses of cows, physiological processes of vital cow’s
organs together with the environment, productivity as
well as reproduction, as a cyclic factor affecting the
production in the whole herd.

Among the factors having an impact on the cow
condition, we can consider: cow’s age, her pedigree,
body conformation, the history of lactation, suscepti-
bility to disease, and many others. In turn, the typical
characteristics that describes the condition of the cow,
including its welfare, we can include the quantity of
milk received, evaluation of the milk quality, the
number and state of calves, the parameters associated
with cows reproductive process, including the length

of the period from birth to successful insemination
– IPP (Inter Pregnancy Period), from birth to birth
– ICP (Inter Calving Period), the number of so called
„open days” – from the first insemination after birth
to successful insemination SP (Service Period) and in-
semination index, which is the number of insemina-
tions necessary for single pregnancy.

As a novelty, it was decided to introduce addi-
tional factors of evaluating the condition of the cows
in the herd. It is an analysis of acute phase proteins
and sugars (and their derivatives) characterizing the
welfare of cows on the basis of blood testing. Blood
cells investigation (erythrocytes and leukocytes) pro-
vided the basis for an independent determination of
the efficiency of glucose utilization in cow’s body,
glycolysis process and the usage of free fatty acids in
the beta-oxidation processes in mitochondria of
leukocytes. They describe the availability of the en-
ergy components in the feed for energy processes in
the cow’s body. Problems with availability are caused
by improper feed composition or by destructive pro-
cesses in the cow’s body. It is an interesting character-
istic obtained on the basis of specialized methods,
which are generally not used in the daily cow’s service.
However, it will be used to obtain an independent
evaluation of welfare in terms of energy (glycolysis,
beta-oxidation), next to acute phase proteins (APP) in
the investigated cows .

The study was performed on eleven lactating, Hol-
stein-Fresian cows. Average age of evaluated cows
was 1562 days (4,3 year). All animals were a part of
a large herd (over 3500 cows), kept in the same condi-
tions, in free stall barns, fed with TMR. Average milk
yield was 9400 kg of milk per lactation. Number of
lactations among examined cows ranged from 1 to 5.

Blood samples were taken from jugular vein into
EDTA-containing tubes, before parturition, in early
lactation (0-1 month after calving) and 1-3 months
after parturition. Samples were placed on ice and cen-
trifuged 10 min 3000 g. Obtained plasma was stored at
-80oC until insulin analysis. Insulin was assayed using
Alpco Diagnostics ELISA-Kit for bovine insulin (NH,
USA). This ELISA method is a sandwich-type im-
munoassay using mouse monoclonal antibodies speci-
fic for bovine insulin. The sensitivity of assay is 0.1
ng/ml and within run variation is 3.5%.

Erythrocytes (RBC) and Leucocytes (WBC) were
separated by centrifugation of whole blood on the
gradient of HISTOPAQUE-1077. RBC formed pellet,
whereas WBC were located on the border of HIS-
TOPAQUE/plasma. Cells were collected, washed
twice with could PBS and resuspended in medium
equal to initial volume of blood.

Value of glycolysis in red blood cells was es-
timated by estimation of glucose transport across cell
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Table 1. Examples of measurements of characteristics that describe the factors of the dairy cows in the herd.

Average value
of the starch

in feed
(g/kg)

Average value
of protein in

feed
(g/kg)

Average value
of fiber ADF

protein in feed
(%)

Average value
of fiber NDF

protein in feed
(%)

Average
Age feed

(days) moisture
(%)

IPP
value
(days)

Number
Cows of

lactation

1 1324 2 88 36.4 19.5 12.6 25.2 44.8

2 2463 5 199 35.3 19.6 13.5 25.3 42.5

3 2018 4 122 36.1 20.1 13.9 24.3 41.8

4 2232 5 151 39.1 19.5 13.8 24.5 40.6

5 1618 3 162 40.4 19.6 14.7 24.1 40.1

6 1155 2 178 44.5 21.3 13.3 22.5 40.4

7 1571 3 87 43.9 21.7 13.6 21.8 38.6

8 1099 2 98 34.2 19.3 13.8 24.9 41.2

9 1095 2 448 34.9 20.4 13.9 24.8 40.5

10 846 1 79 34.2 19.5 13.6 25.3 41.2

11 1758 3 392 34.1 20.0 13.8 24.8 40.9

membrane. Uptake of [3H] deoxyglucose in eryth-
rocytes incubated 10 min in HEPES solution was es-
timated using method described by Lee (Lee et al.
2000) with slight modification (Debski et al. 2011).
After incubation of cells (15 min) with 0.1 μCi
2-deoxyglucose (Moravek Biochemicals Inc., CA,
USA) RBC were centrifuged 10 min at 1000 g, the
pellet was washed with cold physiological saline, dis-
solved in 2 mmol NaOH and counted in Packard
TriCarb scintillation counter.

Fatty acids degradation was examined in the leu-
cocytes using the method of Manning et al. in modifi-
cation of Kuryl et al. Cells were incubated 1 h with
0.1μCi of [9,10-3H] palmitic acid (Moravek Biochemi-
cals Inc., CA, USA) and after incubation samples
were precipitated with 10% TCA and centrifuged for
10 min at 2000 g. Supernatant was collected, alkalized
and passed through column of Bio-Rad AG-1 X8
ionic exchange resin (Bio-Rad Hercules, CA, USA).
Effluent containing tritiated water was counted in
Packard TriCarb scintillation counter. Results were
expressed as pmol of palmitic acid decomposed per
mg of leucocyte protein during 1 h.

Acute Phase Proteins (APP) levels in blood serum
were evaluated using ELISA commercial kits: bovine
C-reactive protein, bovine Fibrinogen and bovine
Haptoglobin produced by GenxBio Health Sciences
Pvt. Ltd. (Delhi, India).

The study of the relationship between the
above-mentioned factors is related to several goals:

– determine the significance of these factors in
the constructed model,

– investigation of the correlation between input
variables, describing a herd of dairy cows, with vari-
ables describing animal welfare,

– investigation of the correlation between factors,
that describe animal welfare.

In this study the methods of correlation coeffi-
cients analysis were used. This will indicate the input
factors, which are strongly correlated with variables
evaluating the herd, and at the same time weakly cor-
related with each other. They should be included in
the described model. The Hellwig method was also
used, takes all the potential input variables and cre-
ates all possible combinations, then testing integral
capacity of information connected with each combina-
tion. Therefore, in the impact of using each of the
possible combinations on the model’s accuracy is ana-
lyzed. In this way, we obtain an optimal set of input
variables, being concerned, while minimizing the
number of used variables which has a positive effect
on the size of the model.

Results

Multi-equations model with multiple input vari-
ables has been constructed that evaluate many factors
which describe herd of dairy cows. This model to
a certain degree of generality has following form:

ykt = ft(x1t,x2t,...,xmt,ξk), t = 1,..., T, k = 1,...,K

where
ykt – result of measurement number t of the output

variable number k evaluating the welfare of cow
herd,

xit – result of measurement number t of the input
variable number i (i=1,..., m),

ξk – random component present in the description
of output variable number k,
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Table 2. Examples of measurement of WBC β-oxidation, glucose transport through RBC membranes, plasma insulin and acute
phase proteins (CRP, Fibrinogen, Haptoglobin) of dairy cows in the herd.

β-oxidation Glucose Insulin CRP Fibrinogen Haptoglobin
pmol/min/mg μmol/h/g μg/l mg/l g/l mg/lCows

1 13.89 54.75 1.03 1.024 5.01 1.32

2 12.13 27.01 0.97 0.983 4.03 1.145

3 11.28 31.55 0.8 0.942 4.26 1.398

4 23.89 33.39 0.87 1.023 5.77 1.178

5 40.4 51.87 0.89 1.024 5.1 1.33

6 16.03 31.89 0.87 0.902 3.86 1.359

7 14.97 36.1 0.92 1.024 6.03 1.438

8 5.75 57.19 1.92 1.146 7.23 1.044

9 28.05 52.27 1.1 1.349 5.77 1.349

10 7.03 36.96 0.88 1.146 6.34 1.145

11 15.6 40.64 1.12 0.983 4.74 1.459

t – number of the next measurement (observa-
tion),

m – the number of input variables,
T – number of measurements,
K – the number of output variables, evaluating the

welfare of the cow herd.
During the measurements we obtained values of

factors characterizing the several parameters evalu-
ation for individual dairy cows in cow herd. To illus-
trate the obtained results we show below results for
the selected cows from a cow herd. The first table
(Table 1) contains measurements of typical factors
characterizing dairy cows in herds.

The following table (Table 2) contains measure-
ments of β-oxidation in WBC, glucose (glucose trans-
portation across RBC membranes), acute phase pro-
teins (C – reactive protein, Fibrinogen, Haptoglobin)
and insulin in the blood plasma of dairy cows for the
tested cows in the herd.

In order to explain the contents of the Table 2 it is
worth to add that C-reactive protein (CRP) is a pro-
tein belonging to the so called acute phase proteins.
The same group of proteins contains also haptoglobin
and fibrinogen. Haptoglobin (Hp) in turn, is an acute
phase protein which is responsible for the uptake of
free hemoglobin in the blood.

They are non-specific inflammation markers and
can be used in the evaluation of an individual cow, as
well as a heard health status, and also for early disease
surveillance.

Fibrinogen, which is a fibrin precursor, takes also
part in localization of tissues in which inflammatory
process takes place. The β-oxidation is a number of
reactions in the conversion of fatty acids into
acetyl-coenzyme A.

As a result of the study, with the model following
parameters has been adopted (from the point of view
of their variation): the number of days for effective
insemination (AI), moisture feed, the age of the
cows, the number of lactation, beta-oxidation in
WBC, transport of glucose in RBC (strong relation
with efficacy of glycolysis, insulin level, CRP and fib-
rinogen level). In turn, following parameters are re-
jected from the model (because of their low variance
measurements): the amount of starch in the feed, the
amount of protein in feed, fiber fraction NDF and
ADF in the feed and the level of haptoglobin in the
blood.

As the first relationship we can specify depend-
ence between the number of days to the effective in-
semination (AI) and the length of ICP. This depend-
ence is important and with the increase in the number
of days for effective AI increases the length of ICP.
This result is shown in the Fig. 1.

The dependence of number of days to effective
insemination (AI) with respect to the ICP, except for
some random results, is linear, since the quadratic ar-
gument obtained from the calculation is negligibly
small:

y = 0.0005 · x2 + 0.6909 · x + 335,17

where „y” is the number of days to effective insemina-
tion AI, x – the length of ICP. Thus, there is actually:

y = 0.6909 · x + 335.17

It can be seen that the number of days to effective
insemination AI increases with the length of time be-
tween calving ICP.
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Fig.1. The results of the dependence between the number of days to effective AI and ICP.
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Fig. 2. The results of the dependence between the humidity level of feed and ICP.
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Fig. 3. The results of the dependence between the age of cows and the length of the lactation period OL.

In turn, the results of the correlation research be-
tween the humidity level of feed and length of time
between calving ICP are shown in the Fig. 2.

In this case, the relationship is not so easy
to describe using a linear function. Its formula is as
follows:

y = 0.0006 · x6 + 0.1343 · x5 – 40.106 · x4 + 3519.2 · x3 –
– 145453 · x2 + 3E + 06 · x – 2E + 07

Moisture level of feed given to the herd fluctuates
around a certain value for changing the length of time
between calving ICP.

An interesting relationship was found between the
age of cows and the length of the lactation period
(OL). This result is shown in Fig. 3.

This dependence could be described by using
polynomial function. Its formula is as follows:

y = – 9E-05 · x2 + 0.3751 · x + 32.823
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Fig. 5. The results of the dependence between level of glucose transport across RBC membrane and daily milk yield.
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Fig. 6. The results of the dependence between insulin levels in the blood plasma of cows and the daily amount of received milk.

The length of lactation period for herd increased
with the age of the cows in this herd. Similarly, an
interesting relationship between the number of lacta-
tion and the daily milk yield was found. This result is
shown in Fig. 4.

This dependence can be described by using poly-
nomial function. Its formula is as follows:

y = 0.5419 · x3 – 5.0044 · x2 11.313 · x + 27.638
The level of the daily amount of received milk in

the herd is decreasing slightly with changing the
number of lactation in cows in the herd.

In turn, relation between level of glucose trans-
port across RBC membranes and daily amount of re-
ceived milk had the form as shown in Fig. 5.
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Fig. 7. The results of the dependence between the acute phase protein in the blood of cows and the daily amount of received
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Fig. 8. The results of the dependence between the acute phase protein in the blood plasma of cows and the length of lactation
period OL.

This dependence can be described by using poly-
nomial function. Its formula is as follows:

y = 0.027 · x2 – 2.0042 · x + 65.527

The level of the daily amount of received milk in
the herd increases slightly with changing glucose
levels in the blood of cows in the herd.

Also the relationship between insulin levels in the
blood plasma of cows and the daily amount of re-
ceived milk was examined. This dependence is shown
in Fig. 6.

This relationship can be described by using poly-
nomial function. Its formula is as follows:

y = – 13 · x2 + 42.214 · x + 2.9877

The level of daily amount of received milk in the
herd grows slightly for changing the level of insulin in
the blood of cows in the herd.

Also the relationship between the acute phase
protein in the blood of cows and the daily milk yield
was examined. This formula is shown in Fig. 7.

This dependence can be described by using poly-
nomial function. Its formula is as follows:

y = – 0.0004 · x3 +0.1448 · x2 – 15.62 · x + 581.79

The level of the daily amount of received milk in
the herd grows slightly for changing the level of CRP
in the blood of cows in the herd.

In turn, the relationship between CRP level and
the length of lactation period OL of cows in the herd
is shown in Fig. 8.

This dependence can be described by using poly-
nomial function. It is formula is as follows:

y = 0.1282 · x2 – 32.916 · x + 2412.3
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The length of lactation period of cows in the herd
decreases for varying levels of the acute phase protein
CRP in the plasma of cows in the herd.

Apart from examining the correlation between
different parameters describing the cows in the herd,
we constructed bio-cybernetic model of cows. In this
case, the parameters describing the cow in the herd,
after their determination of the variance, are as fol-
lows: the number of days to effective insemination AI,
level of protein in the feed, the age of the cows in the
herd, the number of lactation for cows and the level of
β-oxidation, glucose transmembrane transportation
and plasma insulin. Consecutive numbers are assigned
to the variables listed above. As the characteristics
that describe the welfare of animal we adopted to
study: the daily amount of received milk, the length of
the OL (lactation period) and the length of ICP.

As a result of the calculation we obtained the for-
mulas of the linear model in the form of three equa-
tions shown below:

y1 = 4.49 – 0.0086 · x1 + 0.98 · x2 + 0.0063 · x3 –
– 3.3035 · x4 + 0.1215 · x5 + 0.0287 · x6 + 9.4955 · x7

y2 = 213.9 + 0.46 · x1 + 0.05 · x2 + 0.18 · x3 –
– 56.32 · x4 – 1.13 · x5 + 0.07 · x6 + 21.23 · x7

y3 = 275.94 + 1.04 · x1 + 0.45 · x2 + 0.02 · x3 +
+ 4.5 · x4 – 0.08 · x5 + 0.15 · x6 + 0.84 · x7

where
y1 – daily amount of received milk,
y2 – length of lactation period OL for cows in the

herd,
y3 – the length of ICP for cows,
x1 – the number of days to effective insemination AI,
x2 – the amount of protein in the feed,
x3 – the age of the cows,
x4 – the number of lactating cows,
x5 – the level of β-oxidation,
x6 – glucose transport level,
x7 – plasma insulin levels.

For each equations we obtained values of the de-
termination coefficient R2 defining the quality of the
obtained relationship, having a value from interval
[0.1]. For the first equation determination coefficient
is 0.32, for the second equation is 0.68, while for the
third is 0.99. In effect we obtained the result as the
relationship between the input variables, describing
the parameters of cows with output variables, descri-
bing their welfare. The level of determination coeffi-
cients obtained for the equations is good enough, ac-
ceptable in this type of research for the application of
mathematical modeling.

Discussion

The results of this study allowed us to conclude
that modern diagnostics, stimulated by progress in the
life sciences and information technology with
monitoring interdependence of life events of cow and
its environment, will increase animal welfare and will
improve the economic effects. Animal welfare is also
related to the composition and preparation of feed,
technology of nutrition and milking (caused by newer
milking systems).

Such changes stimulated cows’ positive response.
However, it does not mean the decrease of health
problems when the cows are subjected to a consider-
able strain: lactation performance and pregnancies in
a particular regime dictated by economic profitability.
There is also a big difference between farms estab-
lished in 80’s/90’s and modern ones due to modern
technology and management solutions. For example,
in the older farms cow’s injuries caused by bad con-
struction of facilities were much more common.

Listed agents positively correlated with economic
effect, i.e.: milk yield, reduction in treatment costs
and improve the welfare and parameters, such as
β-oxidation, glycolysis, acute phase proteins (APP)
– C – reactive protein, fibrinogen and haptoglobin.

The results were evaluated statistically. Correla-
tion of selected biochemical parameters of body fluids
with evaluation of herd’s indices, reproduction and
fertility indices and composition of milk and feed (in-
cluding dry period) was established. Issues of technol-
ogy on dairy farms are the infrastructure and technol-
ogy, equipment and procedures. Veterinary services
on farms similarly await a statistical evaluation of the
procedures’ effectiveness. This study is just a part of
evaluated factors and requires further scientific inves-
tigation of all the process on dairy farms.

The assumptions presented here and methodology
of research in relation to veterinary health care of
cows on farms are innovative. Maximizing the effects
of production in cow herd was positive only in a cer-
tain period of time (3 to 4 lactation). Desirable posi-
tive signals from cows are: longevity, increasing milk
production, reproductive efficiency, resistance to care,
proper BCS and the behavior of cows in relation to
staff farms.

Cybernetic model of a cow as a tool for practi-
tioners and analysts, helps them to increase the pro-
duction efficiency of cows and increase the scope and
effectiveness of tasks performed by a veterinarian. It
helps to increase the food security and supply argu-
ments to evaluate and improve welfare. Coefficients
of β-oxidation, glycolysis and acute phase proteins:
C – reactive protein, Fibrinogen and Haptoglobin are
sufficient, individual for each cow, factors evaluating
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its welfare. The use of protocols describing veterinary
handling, such as hormone or antibiotic treatment, ex-
pect statistical evaluation of these procedures efficacy.
Coefficients of β-oxidation, glycolysis and acute phase
proteins (C – reactive protein, Fibrinogen and Hap-
toglobin), individual for each cow, are sufficient fac-
tors for evaluating cow’s welfare.

It is worth to underline that the presented model
is relevant for the measurements obtained in the in-
vestigated, single dairy herd. Results may differ for
other herds, depending on the herd management, en-
vironment, care and veterinary routine etc. Extending
the research on larger population of dairy cows in the
country would allow the determination of the charac-
teristics relevant to a broader research.
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