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Abstract

The aim of the paper is to present a newly developed model for the optimization of feed rations
for active/trained sport horses. The model is structured on two different sub-models, the first of
which is based on the linear programming (LP) technique and the second on weighted-goal
programming (WGP). The model was tested under two different WGP scenarios to formulate two
different feed rations. The results show that feed rations calculated with the modified WGP
technique are more balanced (to satisfy all animal nutritional requirements), and that the costs of
feed rations are lower compared with LP. The ration was about 10% cheaper and there were no

surpluses of any nutrient.
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INTRODUCTION

The two most commonly used
mathematical techniques for optimization of
feed rations ae traditional  linear

programming (LP) and weighted goal
programming (WGP) with penalty functions.
LP was established first, in 1951, for solving
agricultural problems and calculating feed
rations [11]. Optimizing feed rations is
important from the economic aspect and
hedth status of animals (anima welfare).
Animas used for intensive milk/meat
production or intensive sport activity (sport
horses) are exposed to stressful situations so
often. It is therefore important to calculate
the cheapest feed rations which satisfy all
nutrition requirements. The LP and WGP
methods are highly useful for solving
nutritional and other agricultural problems
([1. [2]. [4]. [e]. [7]. [8]. [10], [12], [13],
[14]), but they are more commonly used for
animals reared for intensive production.

The main difference between these two
mathematical approachesis in the number of
goa optimizations. With LP, the user can
optimize only one goal (usually, the cost of
feed rations), while the WGP method allows
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us to optimize numerous goals at the same
time. LP and WGP aso differ with respect to
their target functions (TFs). The TF in LP is
usually the cost of feed rations; in the WGP
model, the TF is to minimize undesirable
deviations from the target goal levels and not
to minimize the goals themselves [1].

The aim of this paper is to present a user-
friendly model for the optimization of feed
rations for sport horses. Horse jumping is a
sport that places physical and psychological
burden on ahorse ([3], [5]). Consequently, it is
of utmost importance to provide optimal feed
rations to satisfy al their daily requirements.
Poorly balanced feed rations certainly affect
the welfare of animals and can worsen their
health conditions, especiadly in the case of
animas which ae under constant
psychological and physical pressure, such as
sport horses. Therefore, the rations must
always be in line with the current needs of
horses, which could change daily. Feeding of
“sport” rations should start 8-12 weeks before
intensive training activity [9], which means
that unbalanced rations could have disastrous
consequences on the gastrointestinal system,
for example, development of gastric ulcers.
Also, the rations need to be cost-effective.

Based on our literature review [5], [13],
[14], we have developed a model that is
based on two sub-models, LP and WGP.

-72 -



Lucrari Stiintifice-Seria Zootehnie, vol. 59

METHODS

The traditional LP was used to calculate
the cheapest rations, and the WGP method
was used to balanced considering the
minimum costs calculated with the LP
model. The input data are the same for both
sub-models, except that the calculated costs
from LP were added to WGP input data
(Figure 1). The input data include the daily
requirements of horses with regard to
nutrients and mineras. the amount of dry

matter (DM), metabolisable energy (ME),
metabolisable protein (MP), and calcium and
phosphorus (the two most common
minerals). For optimization, it is important to
include the nutritive value of feed at disposal
and their retail prices. In this paper, the
rations were calculated using three different
methods: in one, only LP was used, and in
the other two, two different models of WGP,
WGP, and WGP,,, were used.
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Figure 1 Optimization tool with two sub-models (LP and WGP) [13]

The restrictions in LP (represented by >
or <) were transformed into goals represented
by “=" in the WGP model. An important aim
of the new model is to determine the positive
and negative intervals in the WGP model.
Intervals represent negative or positive
deviations from daily nutrition requirements.
Only in the case of DM, negative deviation
was not defined, because horses show
maximum consumption capacity for DM.

The next step was to define the weights
(w) of separate goals. The “hanging” weights
of goals of the decison maker have a
hierarchical scale, with preference shown for
certain goals. In the context of sport horses, it
is important to satisfy al nutritive
requirements within the available capacity of
DM. The weights could have values between
0 and 100 or 0.0 and 1. With change in the
weights, the decision maker could create

numerous ration optimizations. During this
survey, the weights of the costs changed
(WGPg; —w = 95 and WGPy, — w = 5),
which means that the cost of the rations used
in WGPy, should not deviate from the costs
of ration which were calculated with LP. In
WGOg,, the costs caculated from the LP
model did not play a mgjor role in the WGP
optimization process. The input data from the
paragraph above and this paragraph are
represented in Table 1.

The role of TF in the WGP sub-model
was not minimization of the costs of rations
like in the LP sub-model, but determining the
weighted sum of unwanted deviation of
variables from observed goals, multiplied
with the belonging coefficients for penalty
(pcy = 2 and pc, =5). The obtained sum-
product is the subject of minimization [13].

-73-



University of Agricultural Sciences and Veterinary Medicine lasi

Table 1° Input data for the LP and WGP models (horses’ daily nutrition requirements and defined

penalty functions and weights)

FEED STANDARDS
DM’ ME® MP! ca' P
Weight of 14 126,2 1207 36 26
horse
(550-600
kg)
Unit kg/day | MJ/day g/day g/day g/day
SPECIFIC INPUT DATA
Penalty functions
Interval 1 Interval 2 Weights
Unit LP WGPscl pl- pl+ Pz- p2+ Wscl(Wscz)
and sc2
DM (kg) <14 14 5% 0% 10% | 0% 70 (70)
ME (MJ) >126,2 126,2 1% 3% 5% | 10% 90 (90)
MP (9) >1207 1207 1% 3% 5% | 10% 90 (90)
Ca (9) >37 37 10% 10% 20% | 20% 5(5)
P (9) >26 26 10% 10% 20% | 20% 5(5)
Cost €) C © 10% © 20% 5 (95)

The model was developed using the MS
Office Excel 2010 framework tool. One part
of the model is represented in Figure 2. It
also depicts the second sub-model for the

WGP mathematical technique with daily
nutrition requirements, feed at disposd,
defined goals, and penalty functions.

HORSE FEED RATION

[Nutriion requirments ‘

.‘.u.mnomlz (S5 kpidarliiidan | 58 gidan| Ca gioan | pidan
B0 EE by L I ) 1 7] 78

13

4

:; NAZAJ NA LP (AMSK KRMMN OBROK)

18 Feed sl disposal

Fi)
a0
3
32
33
34

reae B

Fij
70117

Figure 2 A part of the optimization model-the WGP sub-model

RESULTSAND DISCUSSIONS

Results of the model are presented as
calculated rations which are logical and can
be used in practice. Rations are calculated up
to two decimals for each feed, but in practice,

the values could be rounded up to one
decimal. Rations calculated using WGP
contain more roughage, with 88% DM in the
form of hay. In Table 2, three rations are
presented (one LP-based and two WGP-

The input data stand from feed standards normative for 550 to 600 kg horses which are included into active
sport activities. Specific input data were defined for WGP sub-model and focused on definition of penalty

intervals and weights of different goals.
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based rations). In WGPg, the cost of the
rations was taken from the LP model (2,01€),
but it is more balanced. Thereis no surplus of
ME, MP, calcium, or phosphorus, which
have an influence on animal health.
According to Zgajnar et a. [13], this could
indicate a conflict between nutrition quality
and economics.

However, the results show an inverse
relation between the content of dry matter
containing hay and cost. Rations with hay
include more dry matter compared with
rations containing grass silage, but the former
is more expensive. With the application of
WGP, we are able to show that more
balanced rations are not necessarily

expensive at the same time (this was
confirmed with WGPg,).

From a nutrition quality aspect, it could
be concluded that rations calculated with
WGP contained no surpluses and were more
balanced than rations calculated with LP. The
cost of the rations calculated with WGPy,
was 10% cheaper than that calculated with
LP and WGPg,. The only possible problem is
deviation from the DM normative. The
negative deviation (-21.5%) could be
compensated for with “blind” feed such as
straw. Therefore, the only limitation that
needs to be overcome is that the DM
normative should be satisfied without any
impact on other nutritive requirements.

Table 2 Calculated daily feed rations with LP and WGP for two scenarios

Daily ration

Type of feed Unit WGPy WGP,
Hay kg 6.50 12.70 10.46
Grass silage kg 3.50 0.00 1.05
Grain maize kg 1.30 0.65 0.84
Barley kg 0.70 0.00 0.00
Oats kg 1.75 0.57 0.74
Wheat kg 1.25 0.40 0.53
Endurix kg 0.00 0.00 0.00

Cavalor
Cost €/day 2.01 2.01 1.79
Cost deviation % 0 -10.98
Deviation from daily requirements

DM % -19.89 -13.47 -21.50

ME % +6.22 -8.50 -11.73

MP % 0.00 -3.45 -9.13
Ca % +14.20 0.00 0.00
P % +31.58 0.00 0.00

CONCLUSIONS

The combination of LP and WGP
described here can be directly used in
practice. Moreover, rather than LP, an
upgraded WGP method could be used to
optimize several parameters at the same time,
which could effectively help determine a
more balanced ration. With the modified
WGP optimization program, decision makers
do not have to limit the convex function with
small intervals and high goal weights, but
they can create a logica hierarchica tree
with preferred nutrients. In addition to its
ability to adapt to changing needs for horses,
this new method is also useful from the

economic point of view, as it determines the
cheapest rations with no surpluses.
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