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Abstract

Since 1950, diet formulation models have been developed for commercial and research purposes using different
forms of mathematical programming. Purpose of this paper is to develop a technique for animal diet formulation
with the objective of maximum animal weight gain. In the first step, this technique involves formulation of objective
function using non-linear programming. MATLAB is used as a tool for this purpose. In the second step, solution of
formulation is given and is compared to existing techniques. Use of nonlinear programming overcomes the drawback
of linear approximation of objective function. The obtained results confirm the benefits of the applied technique.
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Introduction

Objective of animal diet formulation is to produce an effective diet
at minimum cost to provide appropriate energy to animal. In 1950s,
diet formulation was done by electromechanical machine and took
one hour to calculate it. In 1980, a computerized linear program is
developed and implemented for maximization of income above feed
cost. In 90s, a number of software and mathematical programs are
implemented to formulate and optimize animal diet. Use of technology
is consummating animal diet formulation and leading to a new
direction of software automation.

As animal feed is indirect human foods, it is necessary to improve
animal diet formulation. To achieve highly efficient animal diet, a
number of formulation methods have been derived for last many
decades. In 1951, first time mathematical programming was used
to solve the feed mix problem [1]. Least cost ration is formulated by
linear programming for sheep [2]. Chance-constrained programming
is used to formulate commercial feeds for animals [3]. Two nonlinear
optimization problems are formulated as an iterative sequence of linear
programming problems [4].

From early 50-80’s, linear programming was widely used for
the purpose of animal diet formulation. Consequently, it is done by
Quadratic programming, goal programming, multi-goal programming,
multi-objective programming, chance-constrained programming and
genetic algorithm. Open and closed formula laboratory animal diets
and their importance in research were described [5]. A feed-formula
optimizing system is successfully studied based on Windows 2000
Advanced Server, with SQL Server 2000 database and ASP Web-page
language and Linear programming together [6]. Feed product had been
formulated both with linear and stochastic programming on different
probability levels with nutrient averages [7].

Objective of animal diet formulation is to provide necessary energy
at different stages of production as growth, reproduction, metabolism
and lactation. While formulating objective function, generally impact
of nutrient ingredients is approximated by linear relationships. While
using linear programming as a tool for animal diet optimization, few
limitations were identified. These limitations include probability of
nutrient imbalance [8] fluctuating nutrient level in feed ingredients
[9], constraint rigidity [10] and linear approximation [11]. While
formulating a mathematical model related to real life problems, many
different situations lead to nonlinear formulation of constraints and
objective function. The importance of Nonlinear Programming

applications is growing due to rapidly increasing sophistication of
managers and operation researchers in implementing decision oriented
mathematical models, as well as to the growing availability of computer
routines capable of solving large-scale nonlinear problems.

Introduction of nonlinear programming, to optimize yield and
minimize feed cost in animal feed formulation, may lead to better
approximation as compared to those of linear cases. Complexity of
different nutrient ingredients would possibly be better described by
nonlinear relationship between them. Present study is carried out to
maximize animal weight gain by inclusion of nonlinear relationship
between nutrient ingredients and its impact on animal weight gain.
Use of nonlinear programming overcomes the drawback of linear
approximation of objective function. In this paper, it is envisaged to
develop a mathematical model using non-linear programming to take
simultaneous effects of all nutrient ingredients. MATLAB is used as a
tool for formulation of programming problem. Result of the model is
compared to linear programming formulation.

Material and Methods

Objective of this study is maximization of animal weight gain for
livestock growth. Steps of this technique can be summarized as:

 Establishment of relation between weight gain and three nutrient
ingredients using MATLAB.

o To check the ratio dependency of animal weight gain on different
nutrient ingredients.

+ Establishment of relationship between y and x,, y and x, and y
and x, (animal weight gain and nutrient ingredients.

o F-test to check best fit relation

« Objective function as nonlinear relation and constraints as per
NRC recommendations.

» Optimization of nonlinear diet model.
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Experimental Design

For the experimental design, Muzaffarnagri ewes in advanced
pregnancy, were separated and fed as per N. R. C. schedule. The
development of the rumen well, after 3 weeks, depends on the
consumption [12]. The lambs were weighed as soon as dry and ewes
no sooner she dropped the placenta and lambs were group fed. No
selection was practiced in assigning lambs to milk intake studies.
However, twins, orphans or lambs died during the course of study were
excluded. Effect of various levels of metabolic energy to protein, on the
growth, nutrient utilization, rumen digestion and metabolism along
with carcass composition and wool growth is studied. Details of the
four proposed treatments are listed in the table 1.

Proposed treatment at 20 kg body weight is given in Table 2 and
at 30 kg body weight is given in table 3. During post weaning studies,
all lambs were tied individually offered weighed quantities of creep/
concentrate and hay along with free choice mineral mixture and
common salt. Drinking water was offered thrice a day [13].

Present study is carried out to optimize the animal diet by
maximum utilization of nutrient ingredients. The rate of growth and
the efficiency with which the nutrients are utilized mainly depend on
three factors, which may be used to maximize it.

Accounting all these facts, weight gain of an animal depends upon:

1. Digestible crude protein [x,],
2. Total digestible nutrient [x,] and;
3. Digestible dry matter [x,].

Metabolic weight is used as a base for whole of the calculations [14].

Using MATLAB relation between weight gain and three nutrient
ingredients is established as,

X,=200;%157.5<=x,<=210
Note: Change the value in x, and get the plot in y, x, and x,.
[x..x. ] = meshgrid(18.375:.2:26.6, 201.25:.5:291.662);

Y= -2966703136*10°*(x))2  +  3115168644*10¥*x ~ +

1358380624*10¢9 * X, + 1086861007*10¢ * X, - 7.044843364*10%;
mesh(x,,x,,Y)

}

Ratio dependency of animal weight gain on different nutrient
ingredients is shown in figure 1 and described by eq. (1).

Treatment Energy levelin feed in Kcal ME per  hop ke gm | ME intake mcal N.R.C. recommendations
Kg feed For daily body weight gain ‘ DCP requirement ‘ ME requirement
Proposed treatment at 10 kg body weight
All Roughage-3 25 14 0.88
30gm GNC-1 18 34.2 0.74 50 27 147
30:70 ratio
120g Conc mix 2.0 34.8 0.81 gg ;‘; (1)?8
280g roughage ’
0:50 ratio
200g con mix 21 34.0 0.86 gg ;‘71' 83@
200g roughage )
70:30 ratio
280g conc mix 23 35.2 0.92 f?‘;g ;‘; 8;2
120 Roughage ’
Table 1: Four Proposed Treatments.
All Roughage-3
50gm GNC-1 1.8 59.0 1.29 25 27 1.29
30:70 ratio
210g Conc mix 2.0 60.9 1.41 50 32 1.50
4909 roughage
50:50 ratio
350g con mix 2.1 59.5 1.51 ;g gg 1:8
350g roughage )
70:30 ratio ;(5) gg 122
90g conc mix 23 61.8 1.61 75 36 1'50
210g roughage 100 47 1.70

Table 2: Proposed treatment at 20 Kg. body weight

(Dry matter intake 700gm.).

All Roughage-3 25 31 1.61

70gm GNC-1 18 780 1.67 50 35 1.91

30:70 ratio

270g Conc mix 2.0 78.0 1.81 50 35 183
75 40 2.06

630g roughage

50:50 ratio

450g con mix 2.1 76.0 1.94 50 35 179
75 40 2.1

4509 roughage

70:30 ratio 50 35 1.72

630g conc mix 23 79.0 2.10 75 40 1.96

270g roughage 100 50 2.20

Table 3: Proposed treatment at 20 Kg. body weight (Dry matter intake 900gm.).
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Figure 1: Ratio dependency of animal weight gain on different nutrient
ingredients.
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Figure 4: Polynomial relation between y and x,.
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Figure 2: Polynomial relation between y and x,.
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Figure 3: Polynomial relation between y and x,.

y=3.043256x 107 x, +1.968984 x 10 x, +

(1)
2.302579x 107 x; - 4.201334 x 107!
With the set of data available, MATLAB is used to establish relation

between variables y and x, y and x,, y and x,. First, Second and third

degree polynomial and its graph is shown in figure 2 for variables y
and x,.

First, Second and third degree polynomial and its graph are shown
in figure 3 for variables y and x,, and in figure 4 for variables y and x,.

Using F-test, best fit relation between y and x,,y and x,,y and x, of
different degrees is established.
Pe (N-p- 1)(SSRP_1 - SSRP)
SSle7

Where p is the degree of polynomial and SSR, is sum of square of
residuals of pth degree. N is number of observations and o is 5%.

Objective function is formulated by using F-test and constraints
are formulated according to NRC recommendations and defined by eq.
(2) and (3) respectively [15].

y=-2.966703136 x 10°x > + 1.086861007 x 10*x,-7.044843364x10"

)
Subject to:
18375 < x, < 266
20125 < x, < 291.662 (3)
157.5 < x, < 210

Result and Discussions

Using Kuhn-Tucker conditions, optimum values of three nutrient
ingredients are evaluated by Kuhn-Tucker conditions. The objective
function is converted to;

L=-2.966703136 x 10 °x,> +3.115168644 x 10 x, +1.358380624 x 10~ x,
+1.086861007 x 10 x; -7.044843364 x10°
=2, [ %, - 26.6] — [A4x, - 291.662] - 4,[ x, — 210]

Solving set of equations, by using Kuhn- Tucker method, optimum
value of nutrient ingredients are obtained as, x, =291.662, x, =291.662,
x, =210, subject to the condition: /\l, /12, )LS;tO.

Conclusion

Use of nonlinear programming gives better result as compared
to use of linear programming because result of proposed model is
based on simultaneous effect of all nutrient ingredients. Equation
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representing individual relationship of variables presents the linear
and nonlinear effects of different nutrient ingredients on body weight
gain. Use of MATLAB gives a new dimension to this work and can
be investigated in future for variables. This paper demonstrates the
feasibility of approaching animal nutrition and diet formulation from
a cooperative multi-state effort. It depicts that it is possible to compile
data from many sources and that a larger data base can provide
more meaningful results. It is an attempt to promote more effective
application of nutrition data and principles in the development of
animal feeding systems.
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