Scientific Papers. Series D. Animal Science. Vol. LXI, Number 1, 2018
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN Online 2393-2260; ISSN-L 2285-5750

MATHEMATICAL MODEL OF OPTIMIZATION ENERGY
METABOLISM AND PROTEIN QUALITY TO SWINE
Radu BURLACU
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Marasti Blvd,
District 1, Bucharest, Romania
Corresponding author email: R.Burlacu@usamv.ro
Abstract
The new systems which assess the nutritive value and determine the nutrient requirement triggered changes in the
manner of formulation and development of optimized pig diets. The purpose of this paper is to present a viewpoint on a
possible solution for diet optimization. We considered the determination of a possible „common denominator” between
the nutritional requirements, mathematical algorithms that can be applied to the stated problem and the economic
aspects assimilated as purpose functions in formulating the mathematical models that are used.
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INTRODUCTION

simplification of the concrete situation, which
has the advantage of increased possibilities for
effective mathematical developments allowing
the use of the model in a large range of
different contexts.
A second trend, more and more present, due to
the development of the computing capacity, is
to include in the model as many as possible
characteristics of the concrete situation and to
use numeric methods to obtain the results.

One of the characteristics by which we can
estimate the stage of development of a certain
discipline is its degree of mathematization.
Thus, Galileo Galilei said that „The great book
of nature can be read only by the one who
knows language in which this book was written
and this language is the mathematics”.
Truly important is the effective contribution
and not the sophistication or elegance of the
used mathematical instrument.
A relatively simple mathematical idea ca have
an unexpected effect if used with skill. On the
other hand, very elegant mathematical
considerations may be of no use for the actual
problems of that particular discipline.

Stage 4: Utilization of the mathematical
models for the progress of the scientific
knowledge
A mathematical model once developed and its
predictions inferred by reasoning, we can ask
ourselves can we use this material past its
simple adequacy. In many cases the model and
its predictions can lead us either to discovering
and rendering evident unknown aspects or to
clarifying others partially known.

MATERIALS AND METHODS
One can distinguish a number of 4 stages of the
contribution of mathematics to the development
of a scientific discipline:
Stage 1: Data collection, analysis and
interpretation.

RESULTS AND DISCUSSIONS
A mathematical model of the energy and
proteic metabolism applied to pigs

Stage 2: Quantitative formulation on
scientifically principles and empirical laws.

NORMS FOR GROWING AND FATTENING
PIGS
(1)
Body weight and chemical composition
assessment

Stage 3: Regarding the mathematical
development of a model we can perceive two
trends concerning the very operation of
modelling. A first trend is the exaggerated
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The body weight (kg), function of age, is
calculated with a Gompertz equation:
 ܩൌ  ܣൈ ݁

ಳ൫షೣ ൯

ሾ݇݃ሿ

The values ܲݎǡ were calculated with the
formula

ሺͳሻ

ܲ ݎൌ  ܤൈ ܲ ݐൈ  ൬

where:
 ܣൌ body weight at maturity
 ܤൌ growth coefficient
 ݐൌ age in days
 ݐ௫  ൌ inflexion point, the time in days when
the gain peaks

ሾ݇݃ሿ

ܲ ݐൌ ܲݐƸ ൈ ݁ 

ಳ൫షೣ ൯

ሾ݇݃ሿሺͷሻ
 ݎܮൌןൈ ܲݎ
where  ןwas calculated differentiated by
males, females and castrated pigs according to
the age (Burlacu et al., 1996):

For castrated pigs:
మ
య
ర
ఱ
ןൌ ݁ ିଶǤସାǤଷସ௧ିǡଵଷଵ௧ ାǡଵ଼௧ ିǡଽ௧ ାǡଶ௧

The daily retained water and ash ( ݎܣ  )ݎ݊݁ܥare calculated with the relation:
   ൌ Ⱦ ൈ 
where Ⱦ has the following values :
For young boars and castrated pigs:
మ
య
Ⱦ ൌ ݁ ଶǤଷଽିǤସଷସ௧ାǡସଶଵ௧ ିǡଵଷଶହ௧
For young sows:

 ͶǤͳͷͶ ൈ ݁



ିళరరǤఴర

The net weight ݊ܩሺሾ݇݃ሿܽ ݐ݁݃ܽݐ ͳሻ ൌ
 ݊ܩ ߂݊ܩሺܽݐݐ݊݁݉݉ݐሻ, where t initial = 35
days, and ݊ܩinitial ൌ ͻǤͷ݇݃ for all sexes and
categories
(2) Assessment of EM norms

 ൌ     
for the calculation of EM

ሾܬܯȀ݀ܽݕሿ

ሺͶሻ

The daily gain of lipids  ݎܮwas calculated with
the ratioݎܮȀܲݎ:

ሺʹሻ

For young sows:
మ
య
ర
ఱ
ןൌ ݁ ିଶǡଷଷାǡ଼௧ିǡଵସ௧ ାǡଵହସ௧ ିǡଽଷ௧ ାǡଵହଵଷ௧

Ⱦ ൌ ͵ǤͶʹ͵ ൈ ݁

ሾ݇݃ሿ



For young boars:
మ
య
ర
ఱ
ןൌ ݁ ିଶǡଷଷାǡ଼௧ିǡଵସ௧ ାǡଵହସ௧ ିǡଽଷ௧ ାǡଵହଵଷ௧



ሺ͵ሻ

values  ܤand ܲݐƸ are given in the gable below,
which also shows the maximal values of

ܲݎand of the minimal ratio

and the net weight gain  ݊ܩis the sum
ܲ(ݎretained protein), ( ݎܮretained lipids),
݊݁ܥ (retained ash) and ( ݎܣretained water).

ିభబǤళబయ

ሾ݇݃ሿ

where ܲݐ, kg is given by the relation:

The net weight Gn may be assessed with the
formula:
 ݊ܩൌ ܩȀͳǡͲͷ

ܲݐ
൰
ܲݐƸ

ሺͳʹሻ
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ሾ݇݃ሿ

ሺሻ

ሾ݇݃ሿ

ሺሻ

ሾ݇݃ሿ

ሺͺሻ

ሾ݇݃ሿ

ሺͻሻ

ሾ݇݃ሿ

ሺͳͲሻ

 ݉ܯܧൌ requirement of metabolisable energy
for maintenance [MJ/day]
ሾ݇݃ሿ
ሺͳͳሻ
 ݎܲܧൌ requirement of metabolisable energy for
body protein synthesis [MJ/day]
 ݎܮܧൌrequirement of metabolisable energy for
body fat synthesis [MJ/day]
the following formulas are to be used:
 ݉ܯܧൌ ͳǤͷ ൈ ܲͲݐǤͷ ሾܬܯȀ݀ܽݕሿሺͳ͵ሻ
 ݎܲܧൌ ͷͶ ൈ ܲݎሾܬܯȀ݀ܽݕሿሺͳͶሻ
 ݎܮܧൌ ͷ͵ ൈ ݎܮሾܬܯȀ݀ܽݕሿሺͳͷሻ
where:
ݎܮሺ݈݅݊݅ܽ݃݀݅ǡ ݅݊݇݃Ǥ ሻ ൌ ͳǡͳ ൈ  ܲ ݐǤ ܲݎ

(3)
Assessment of the norms of available
protein and limiting amino acids
ܲ ܣൌ ܲ݉  ܲͲ  ݎǤͺͳ͵ ሾ݇݃ሿሺͳሻ
where:
Pm (net protein for maintenance)
ܲ݉ ൌ ͲǤͲͶ ൈ ܲݐሾ݇݃ሿሺͳሻ
 ൌ gain of body protein [kg] 0.813 is the
output of ܲ ܣutilization for ܲݎ
lysine requirement ൌ ܲ ܣൈ Ͳሾ݃ሿ
met. + cys. requirement ൌ ܲ ܣൈ ͶͲሾ݃ሿ
tryptophan requirement ൌ ܲ ܣൈ ͳͷሾ݃ሿ
threonine requirement ൌ ܲ ܣൈ Ͷͷሾ݃ሿ

ܲ ݎൌ



ͳǤͲͷ ቀͳ  ቀ ቁ

 

 ߚቁ

where: ο ܩaverage daily gain [kg]

ሾ݇݃ሿ

ሺͳͻሻ

For
ߚǡ ܲݐǡ ܲ݉ǡ ܲܣǡ ݉ܯܧǡ ݎܲܧǡ ݎܮǡ ݎܮܧǡ ܯܧǡ ܦݖ݅ܮǡ  ܯ
ܦܥǡ ܴܶܦܫǡ ܴܶ ܦܣܰܫܱܰܧthe formulas from the
above relations are to be used.

OBSERVATION 1: The dimensions important
in determining the requirement of energy and
protein according to this system of calculation
are the metabolisable energy EM and the
available protein ܲܣ.
The two calculation stages presented above
show a striking fact, at first sight, but perfectly
justified physiologically: for a restricted
feeding and lower weight gains than the
maximal values, there are variable values of the

ratio

ݎܮ
ݎܮ
ݎܮ
 א൬ ൰
Ǣ൬ ൰
൨
ܲ ݎ ܲ ݎ௫
ܲݎ
involves the existence of norms that belong to
some intervals:
 א ܯܧሾܯܧ Ǣ ܯܧ௫ ሿ
ܲ א ܣሾܲܣ Ǣ ܲܣ௫ ሿ
In other words, for a set daily gain, for each

value there is a distinct norm of protein and

energy.
Observation 1 is shown graphically in Figure 1.

PARTICULAR CASES OF DIET
CALCULATION (RESTRICTED
FEEDING)
In the practice, we are often confronted with
situations when feeding is restricted. In this
situation (restricted feeding), the manner of
calculating changes. Therefore, we are presenting subsequently the manner of calculation of
the requirement of energy and amino acids:
Inputs: Body weight: G [kg]
Average daily body weight: ο[ ܩkg]

Age: t [days]
Parameters: ܤǡ ܲݐǡ ܲݎǡ  כ ݐെ with the values and
significance as shown above
Stage I. Calculation of the requirement of
metabolisable energy and protein

corresponding to the minimal ratio


οܩ



ratio was calculated
The value of minimal

using the experimental data:
൬

ݎܮ
ܾ
ൌܽ
൰
ష
ܲ ݎ
ͳ  ݁ି 

ሾ݇݃ሿ

ሺͳͺሻ

where for the commercial castrated type we
used the following values:
ܽ ൌ ͲǤǢ ܾ ൌ ͳǤͻͷǢ
ܿ ൌ ͳͶͺǢ ݀ ൌ ʹ͵Ǥ͵

Figure 1. Observation 1

The value of the retained protein is given in this
case by:

Any pair EM, PA of segment AB represents
pertinent values to obtain the set weight gain.
Obviously, each time there will be a different

quality indicator as given by ratio.
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OBSERVATION 2: It can be immediately
observed that the protein norms assessed with
the system presented here eliminate the value
of the digestible protein. Yet, diet optimisation
also involves the essential use of an equation in
PBD.
The connection between PBD and PA is given
by the biological value of the diet:
ܲܣ
ܲܣ
 ฺ ܲ ܦܤൌ
Ǣ Ͳ ൏ ܸ ܤ൏ ͳ
ܸ ܤൌ
ܸܤ
ܲܦܤ
As VB cannot be known beforehand it results
that the norm of PBD depends on the nature
and structure of the dietary raw materials, since
it is no longer unique the value of PBD can no
longer be used traditionally in the “norm
tables” even though diet optimisation is done
using the digestible nutrients.

Figure 2. The dependence of PBD requirement function
of the biological value of the diet

The dependence of PBD requirement function
of the available protein is shown in Figure 3.

Stage II. The calculation of the requirement of
metabolisabe energy and protein corresponding

to the maximal ratio Ǥ

We calculate the maximally ingested
metabolisable energy:
ಸ
ሾܬܯሿ
ܯܧ௫ ൌ ͶͶ൫ͳ െ ݁ ିǤଶସ ൯,
We calculate the maximal value of the retained
protein with the formula:
ܲݐƸ
ܴܲ௫ ൌ  ܤൈ ܲ ݐൈ 
ܲݐ
With the formula
 ݎܲܧൌ ͷͶǤ ൈ ܲݎ,
ሾܬܯȀ݀ܽݕሿ
we calculate the energy required to retain the
protein corresponding to Pr max.
We calculate the energy required to retain
lipids:
ሾܬܯሿ
 ݎ݈ܧൌ ܯܧ௫ െ ܯܧ െ  ݎܲܧെ ܳԢ
Which gives the maximal value for the retained
lipids:
ா
ሾ݇݃ሿ
ݎܮ௫ ൌ
ହଷǤଷ
Thus, we obtained the maximal ratio retained
lipids / retained protein:
ݎܮ௫
ݎܮ
ൌ
൬ ൰
ܲ ݎ௫ ܲݎ
We then use the same procedure of calculation
as in stage I, starting with the calculation of Pr
inclusive.
The dependence of PBD requirement function
of the biological value of the diet is shown in
Figure 2.

Figure 3. The dependence of PBD requirement function
of the available protein

Figure 4 shows graphically the connection
between EM and PBD.

Figure 4. Connection between EM and PBD

Any point in the trapeze EFGH is a norm
expressed in EM, PBD for a set ∆G.
The existence of an area EFGH for the
requirement of EM and PBD is due to the two
parameters
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 אቂቀ ቁ

 



Ǣቀ ቁ

 ௫

ቃ and

ܸܤሾܸܤ Ǣ ܸܤ௫ ሿǤ

OBSERVATION 3. For simplification, the
tables may show the average values for EM and
PA (and therefore for amino acids too).

program, justifying the activity of the scientists
and promoting collaboration.
(8)
A model can be an efficient means to
summarize data, and a prudent method of
interpolating and extrapolating.
(9)
The data becoming more and more
precise, but more and more expensive, a model
can use data more efficiently, sometimes using
them better.
(10) The power of prediction of an efficient
model can be used in many ways: research,
development, managing, planning priorities.
For example, a model can offer answers to
questions such as: What if …?; Which would
be the consequences of cutting the concentrate
intake in cattle on the milk yield and forage
requirement? Which would be the effect of
increasing the weaning weight of calves on the
subsequent meat production? etc.
In connection to the concrete activity in
biomathematics we note there main directions:
in genetics, physiology and biotechnology.
The differences existing between the three
domains can also be found in the mathematical
models mostly used. In genetics and breeding
the population studies require probabilist
methods while in the other two domains the
determinist mathematical disciplines seem to be
more adequated.
As concerns the problems connected to the
interdisciplinary team we must say that any
attempts of interdisciplinary study are useful.
For the mathematicians the presence of another
specialist for dialogue is essential. The quality
of the model depends on the quality of the
dialogue, and the quality of the dialogue
depends on the quality of men and on the
working atmosphere.

ܯܧ௫  ܯܧ
ʹ
ܲܣ௫  ܲܣ
ൌ
ʹ

ܯܧ௧ ൌ
ܲܣ௧

CONCLUSIONS

Mathematical modelling can contribute to the
agricultural scientific knowledge in many
ways, some of which are presented below:
(1)
Biological hypothesis expressed in
mathematical language can offer a description
on quantitative understanding of the biologic
problems.
(2)
Stimulation of the mathematical
modeling can prove a conceptual frame which
can contribute to the discovery of unknown
domains, and can stimulate the appearance of
new ideas and of experimental approaches on
more rigorous basis. The scientific researcher
can waste the resources solving false problems,
and the specialist in development can transmit
these information to the producers, who might
even use them.
(3)
A mathematical model can provide a
way through which the data accumulated by
research can be put to use by the farmers in a
readily accessible form.
(4)
The practical advantages of the methods
produced by search can be studied with a
model, stimulating thus the use of improved
methods.
(5)
The mathematical modelling determines
the appearance of experiments which are less
ad-hoc, because with the help of is easier to
design experiments which to answer certain
research requirements, of to dissociate between
alternative mechanisms.
(6)
Within a system with more components,
the model offers a manner of gathering the
knowledge on the component parts in order to
give them a correct image on the behavior of
the whole system. Thus, the information
regarding the energy content of a concentrate is
useless in the absence of the data on prices of
the end products.
(7)
Modelling can contribute to securing a
strategical and tactical backing for a research

REFERENCES
Burlacu R., 2003. Mathematical models of applied biology
of some metabolic processes, Progress in research on
energy and protein metabolism, EAAP publication,
Wageningen Academic Publishers, 139-146.
Burlacu Gh., Burlacu R., Cavache A., 2002. Potenţialul
productiv al nutreţurilor şi utilizarea lor. Bucureşti:
Editura CERES.
Danfær A., 1990. A dynamic model of nutrient digestion
and metabolism in lactating dairy cows, 671 Report
from the National Institute of Animal Science,
Denmark.
Dent J.B., Blackie M.J., 1974. Systems simulation in
agriculture, Applied Science Publishers LTD,
London.

119

Doucet P., Sloep P.B., 1992. Mathematical modelling in
the Life Science, Ed. Ellis Horwood, New York
London Toronto Syddey Tokyo Singapore.
Emmans G.C., 1992. Animal growth and feed intake, A
collection of papers 1981-1990, SAC, Edinburgh.
France J., Thornley J.H.M., 1986. Mathematical models
in agriculture, Butterworths, London Boston Durban
Singapore Sydney Toronto Wellington.
Parks J.R., 1982. A theory of feeding and growth of animals, Springer-Verlag, Berlin Heidelberg New York.
Kyriazakis J., Emmans G.C., 1992. The effects of
varying protein and energy intakes on the growth and

body composition of pigs, British Journal of
Nutrition, 68, 03, 603-615.
Kyriazakis J., Emmans G.C., 2002. The effects of
varying protein and energy intakes on the growth and
body composition of pigs. British J. Nutr., 68(03),
615-625.
Whittemore C., 1993. The Science and Practice of Pig
Productions, Longmane Scientific and Technical,
London.
Whittemore C., 2003. The Science and Practice of Pig
Productions. London: Longmane Scientific and
Technical.

120

