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ABSTRACT: The goal of the present study was to assess the economic viability relating to the risk of replacing corn with pearl millet in
diets with 80% concentration for feedlot cattle confined for 89 days. Replacement levels were: 0, 33, 66, and 100%. The risk was estimated
using Monte Carlo simulation, Spearman’s rank correlation test between input variables, stochastic dominance, and analysis of sensitivity.
The expected average values + standard deviation for net present value (R$/animal) were £ 71.74 + 283.32, 91.23 £ 285.18, 196.05 + 273.79,
and 223.80 + 267.96 for diets containing 0, 33, 66, and 100% of pearl millet, respectively. The probability of >0 net present value was 63.4,
66.1, 78.4, and 82.4%, respectively. The net present values were statistically different (P<0.05), and the higher levels dominated the lower
values. The items that most influenced the net present values were, in descending order, prices of unfinished and finished cattle, initial and final
weights, prices of concentrate and forage, concentrate and forage consumption. Based on the results of the simulation, diet of 100% pearl
millet exhibited the best economic viability.

Key words: investment analysis, probabilistic analysis, stochastic method, correlation of classification.

Analise econdémica do risco da substituicio de griaos de milho (Zea mays) por griaos de milheto
(Pennisetum glaucum) na dieta de bovinos confinados

RESUMO: O objetivo do estudo foi avaliar a viabilidade economica relacionada ao risco da substitui¢do de milho por milheto em dietas
com 80% de concentrado no confinamento de bovinos por 89 dias. Os niveis de substitui¢do foram: 0, 33, 66 e 100%. O risco foi estimado
usando simulagdo de Monte Carlo, correlagdo de Spearman entre as varidveis de entrada, domindncia estocdstica e andlise de sensibilidade.
Os valores médios esperados + desvio padrdo para o valor presente liquido (R$/animal) foram de + 71,74 + 283,32, 91,23 + 285,18, 196,05
+ 273,79 ¢ 223,80 + 267,96 para dietas contendo 0, 33, 66 e 100% de milheto, respectivamente. A probabilidade de valor presente liquido >0
foi de 63,4, 66,1, 78,4 e 82,4%, respectivamente. Os valores presentes liquidos foram estatisticamente diferentes (p<0,05), e os niveis mais
elevados dominaram os valores mais baixos. Os itens que mais influenciaram os valores presentes liquidos foram, em ordem decrescente, os
pregos de bovinos ndo terminados e acabados, pesos inicial e final, pregos de concentrado e forragem, consumo de concentrado e forragem.
Com base nos resultados da simulagdo, a dieta de 100% de milheto mostrou a melhor viabilidade econémica.

Palavras-chave: andlise de investimento, andlise probabilistica, método estocdstico, correlagdo de classificagdo.

INTRODUCTION

Alternative ingredients to corn (Zea
mays) and sorghum are commonly used in cattle
feedlots as concentrate components for diets. The
use of pearl millet (Pennisetum glaucum) is an
interesting alternative, considering its low cost in
comparison with corn.

Among the crops used in succession to
annual crops, pearl millet is one of the most important
in the central-west and north regions of Brazil. It is
usually seeded after the soybean cultivation and can
be used for grazing and production of haystack, to
produce grains for replacing corn crops (with higher
risk during the interim-harvest), and/or for producing
silage (BERGAMASCHINE et al., 2011).
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Studies have demonstrated that animal
performance was similar in cattle fed pearl millet
(HILL et al., 1996; GONCALVES et al.,, 2010;
SILVA et al., 2014), even without compromising the
characteristics of carcasses and meat (SILVA et al.,
2015), when compared with diets containing corn.

However, SILVA et al. (2014) affirmed
that pearl millet, despite its great potential for feeding
ruminants, has been relatively little studied as a diet
for beef cattle and, in addition, it has been used for
diets with low concentrate contents.

Taking into consideration that the
economic aspects involving the use of pearl millet
in the diet of cattle have been less explored by the
scientific community, the present study proposed
the use of the Monte Carlo simulation technique
(economic risk analysis) to assess whether replacing
corn grains with pearl millet grains interfered with the
economic viability of feedlot cattle.

MATERIALS AND METHODS

The confinement was carried out in the
Livestock Sector of the Technological Department of
the Agroindustrial Cooperative for Rural Producers
of Southwest Goias (COMIGO), Rio Verde, State
of Goias, Brazil (17°46°22” S - 51°02°86” W),
located at 815 meters above sea level. According to
Koppen classification (ALVAREZ et al., 2014), the
region has tropical savanna-type climate (Aw’), with
rainfall concentrated in summer (October to April)
and a dry season in winter (May to September). Data
analysis and stochastic simulations were carried out
at the Federal University of Santa Maria, State of Rio
Grande do Sul, Brazil.

Economic viability was assessed using the
probabilistic method via Monte Carlo simulation,
replacing grinded corn grains with grinded pearl
millet grains for the diet of feedlot calves with four
content levels: 0, 33, 66, and 100%.

Details of the experimental procedure during
the feeding phase to obtain zootechnical performance
data have been previously described in the study
conducted by SILVA et al. (2014). We used 89 non-
castrated calves (European/zebu crossbreed cattle),
of which 45 had predominance of European-zebu
genotypes and 44 had predominance of zebu genotypes.
The average initial weights were 318 and 321 kg,
respectively. The average initial age was 21 months
for both genotypes. The experimental design used was
completely randomized with four replications.

At the beginning of the feeding period, the
animals were identified, vaccinated, treated against

endo-and ectoparasites, and allocated in 16 collective
pens (10 x 7.70 m). The drinkers were equipped
with float ball valves, concrete feeders, and gravel
floor with a 5% slope. Four pens were used for
each treatment. The animals were weighted
individually after fasting for solids from 14 to 16
hours. The adaptation period was of seven days,
and the feeding period lasted 89 days, totaling 96-
day confinement. The proportion of ingredients in
the diet and the performance characteristics of the
animals are shown in table 1.

The methodologies of MATSUNAGA
et al., (1976), RESENDE FILHO et al., (2001) and
PACHECO et al., (2014b) were used to estimate
costs and revenues for each animal, where: Total
Cost represented the sum of depreciations (facilities,
machinery, implements and equipment), purchase of
the ‘thin’ animal, sanitary control, feeding (roughage
and concentrate), labor and other operational expenses.
Gross revenue consisted in the sale of the fat animal.
Facilities (estimated for fixed capacity of 1,000
animals), machinery, implements and equipments
depreciation were calculated for a planning horizon
of one year. To calculate the production costs of corn
silage, the yield of 45 tons of green matter/ha and DM
content of 33% was considered. Details on the items
that comprise the costs of silage making are included
in PACHECO et al. (2006). For cost estimates of
labor, was considered 1 man hired/300 feedlot cattle
and three minimum wages/month/1,000 animals for
technical assistance. Other operational expenses such
as maintenance of facilities, machinery, implements
and equipment, fuel, electricity, freight, taxes and
meals for workers/human resources were estimated
for the equivalent of 2.5% of operating costs. The
risk assessment considered the methods of stochastic
simulation, stochastic dominance and sensitivity,
with the aid of Microsoft Excel®, @Risk® and
SAS System® softwares. Initially the cost items of
each year were deflated by the IGP-FGV (General
Price Index Fundagdo Getulio Vargas - Anualpec
2016) for the year of 2015. Afterwards the type of
probability distribution (Anderson-Darling statistic)
of the following cost items, revenue and performance
variables of the animals were determined: thin and fat
cattle (R$/kg), minimum wage (R$/month), roughage
(R$/kg DM), concentrate (R$/kg DM), facilities/
equipment (R$/animal/day), machinery/ implements
(R$/animal/day), health/vaccine (R$/ dose), health/
deworming (R$/mL), initial and final weights (kg),
average daily weight gain (kg), total weight gain (kg),
roughage and concentrate intake (kg DM/day) and
minimum rate of attractiveness (% per month).
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Table 1 - Composition of diets expressed in dry matter and performance indicators according to the content of pearl millet.

Pearl millet content (% dry matter) 0 33 66 100
Composition of the diet:
Corn silage (kg) 20.00 20.02 20.00 20.02
Grinded corn grains (kg) 70.50 48.96 25.06 0.00
Grinded pearl millet grains (kg) 0.00 24.05 49.88 77.47
Soybean bran (kg) 8.02 5.49 3.61 1.19
Urea (kg) 0.62 0.63 0.60 0.49
Minerals (kg) * 0.86 0.85 0.85 0.83
Performance indicators "
Feeding time (days) 89 89 89 89
Initial weight (kg) 317 324 324 324
Final weight (kg) 473 465 480 463
Total weight gain (kg) 156 141 156 139
Daily dry matter consumption (kg) 8.9 8.5 9.3 8.7
Hot carcass weight (kg) 263 256 255 264
Subcutaneous fat depth (mm) 4.0 4.1 4.1 3.7

"Minimum contents (g/kg): Ca: 116; P: 61; S: 9; Na: 150; Mg: 0.69; Zn: 57.8 mg; Mn: 1; Cu: 1.88; Co: 0.16; I: 0.16; Se: 0.02; sodium

monesin: 2.4.
“P>0.05.
Source: Adapted from Silva et al. (2014, 2015).

Items used to estimate costs and revenues
were obtained from 11 consecutive years of quotes
(between 2005 and 2015). Costs of the facilities were
estimated for a static capacity of 1,000 animals, with
useful life of 10 years. Details of the estimation of
depreciation, sanitary control, feeding cost, labor
cost, and other operating expenses were previously
described by PACHECO et al., (2014b).

The net present value (NPV, R$/animal)
was used as a financial indicator. The NPV is one
of the most commonly used indicators to evaluate
capital investment proposals, according to the
definition by SOUZA & CLEMENTE (2009).
Its estimation method is considered the most
well-known and widely used robust investment
analysis technique and, as its name implies, is the
concentration of all expected values of a cash flow
on date zero using the TMA. This indicator reflects
the return on monetary values of the investment
measured by the difference between the present
value of cash inflows and the present value of cash
outflows, subject to a certain discount rate (KASSAI
etal., 2007). According to SOUZA & CLEMENTE
(2009), NPV can provide basically three answers
to the investor: being less than zero indicates that
the investment is not viable; being zero indicates
that the initial investment was recovered and the
remuneration was equal to the application in TMA;

and if the indicator is positive, it shows the surplus
obtained by the return on investment, in addition to
the initial cost and TMA.

The NPV was calculated by the equation
=Zlﬁ where 7 is the number of months, i is
the n-th time period in which the money is invested
in the project, TMA is the minimum acceptable rate
of return, and FC represents the net revenue of each
i-th period. Independent investment projects with
one-year planning were considered fort the cash
flow (prepared with a planning horizon of one year
(RESENDE FILHO et al., 2001)) of each concentrate
level. TMA was incorporated in the estimate of
the NPV considering a triangular distribution with
a minimum value of 5%, most likely 9% and 14%
maximum value.

In the simulation of the NPV, Latin
Hypercube sampling was used, random generator
number Mersenne Twister, with 2000 interactions,
according ALBRIGHT et al., (2010), PALISADE
2010. For each content of pearl millet, this analysis was
performed either with the Spearman correlation between
the cost items that had their probability distribution
determined (input variables) (Tables 3 and 4).

The NPV simulations included probability
distributions for all cost and revenue items, as
well as for animal performance indicators. We
used the simulation method with Latin hypercube
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sampling (MCKAY et al., 1979; IMAN et al., 1981)
and Mersenne twister random number generator
(MATSUMOTO & NISHIMURA, 1998) with 2,000
interactions. Spearman’s rank correlation coefficient
was used to determine the associations between the
input variables. All estimates were calculated per
animal/year, monetarily corrected for 2015 by the
general price index (internal availability calculated
by Getulio Vargas Foundation).

Microsoft® Excel (Redmond, WA, USA),
@ Risk® (Ithaca, NY, USA), and SAS® Studio (Cary,
NC, USA) software programs were used to carry out
risk assessments, following the methods described by
Albright et al. (2010) and Pacheco et al. (2014b). The
definitions of probability distribution (considering
Anderson-Darling test) for the items of cost, revenue,
and animal performance, and Spearman’s correlations
between the input variables and statistics of variability
are presented in tables 2, 3, 4, and 5.

Table 2 - Probability distributions for performance, costs, and revenues.

Item'  Pearl millet level Distributions (parameters)*

1 All Logistics (0.68043; 3.3486; 6.5713)
All Laplace (4.0996; 0.59481)
3 All Exponential (0.058488; 0.269602)
0 Logistics (0.638602; 0.05152)
33 Pearson (15.512; 4.3005; 0.23748)
4 66 Gamma (4.8701; 0.03095;
0.271002)
100 Uniform (0.18508; 0.41087)
0 Triangular (1.61; 1.79; 1.97)
33 Triangular (1.53; 1.70; 1.87)
5 66 Triangular (1.59; 1.76; 1.94)
100 Triangular (1.58; 1.76; 1.93)
0 Triangular (6.44; 7.15; 7.87)
6 33 Triangular (6.11; 6.79; 7.47)
66 Triangular (6.35; 7.05; 7.76)
100 Triangular (6.32; 7.03; 7.73)
0 Triangular (1.58; 1.75; 1.93)
33 Triangular (1.42; 1.58; 1.74)
7 66 Triangular (1.53; 1.70; 1.87)
100 Triangular (1.52; 1.69; 1.86)

Item  Pearl millet level

We used the stochastic dominance analysis
to compare the pairs of cumulative probability
distribution of NPV simulated for different levels of
concentrate according to the first-and second-order
criteria (HADAR & RUSSELL, 1969; HANOCH &
LEVY, 1969). In the criterion of stochastic dominance
of first order, there are selected investments for
investors who prefer a higher return investment,
and the stochastic dominance of second-order, are
selected investments for investors who prefer a higher
return and either are averse to the risk. Significant
differences were found using Kolmogorov-Smirnov
test (CONOVER, 1999), using software SAS®
University Edition.

For the analysis of sensitivity, we used
stepwise multivariate multiple regression with
standardized regression coefficients (ALBRIGHT
et al., 2010; PALISADE, 2010). Standardized
multivariate regression coefficients indicate the

Distributions (parameters)

0 Triangular (285.21; 316.90; 348.59)
33 Triangular (291.96; 324.40; 356.84)
66 Triangular (287.05; 318.95; 350.84)
100 Triangular (287.55; 319.50; 351.45)
0 Triangular (425.43; 472.70; 519.97)
9 33 Triangular (418.50; 465.00; 511.50)
66 Triangular (423.54; 470.60; 517.66)
100 Triangular (423.02; 470.03; 517.03)
10 All Normal (747.59; 115.39)
11 All Extreme value (15468.4; 4033.1)
12 All Minimum extreme value (0.053934;
0.0056951)
13 All Exponential (0.016077; 0.03595)
14 All Extreme value (3.22429; 0.61856)
15 All Triangular (0.05; 0.095; 0.14)

'l = Unfinished cattle (R$/kg); 2 = Finished cattle (R$/kg); 3 = Forage (R$/kg dry matter); 4 = Concentrate (R$/kg dry matter); 5 =
Forage consumption (kg dry matter/animal/day); 6 = Concentrate consumption (kg dry matter/animal/day); 7 = Weight gain
(kg/animal/day); 8 = Initial weight (kg); 9 = Final weight (kg); 10 = Minimum wage (R$/month); 11 = Land (R$/ha); 12 = Facilities and
equipment (R$/animal/day); 13 = Machines and supplies (R$/animal/day); 14 = Health (R$/animal); 15 = Minimum acceptable rate of

return (%).

“Uniform (minimum; maximum); Exponential (beta); Extreme value (alpha; beta); Minimum extreme value (alpha; beta); Gamma
(alpha, beta); Laplace (average; standard deviation); Logistics (alpha; beta); Normal (average; standard deviation); Pearson (alpha, beta);

Triangular (minimum; most likely; maximum).
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Table 3 - Spearman’s rank correlation coefficients of costs, revenue, and zootechnical performance for 0% (below the diagonal) and

33% (above the diagonal) of pearl millet.

Items 1 2 3

1 Unfinished cattle (R$/kg) 0.76 0.71
2 Finished cattle (R$/kg) 0.74 0.76
3 Wage (R$/month) 0.70 0.73

4 Land (R$/ha) 078 073 097
5 Forage (R$/kg MS) -0.77 -0.76  -0.99
6 Concentrate (R$/kg MS) 0.20 -0.22 -0.24
7 Health (R$/animal) -0.67 -0.69 -0.96
8 Land opportunity (R$/animal) 0.80 0.45 0.73
9 Facilities/equipment (R$/animal/day) -0.76 -0.69  -0.97
10 Machines/supplies (R$/animal/day) -0.74 -0.73  -0.97

number of NPV standard deviations that will change
with each change of one standard deviation in the
input variables, considering that the other input
variables remain constant (ALBRIGHT et al., 2010).

In figure 1, the flowchart illustrates the
steps taken during the deterministic and probabilistic
phases of the adopted methodology.

RESULTS AND DISCUSSION

Monte Carlo simulation technique is
considered of great value in decision making, mostly
used in administration, management, and economics
(ALBRIGHT et al., 2010). However, studies using
this method have been recently oriented to the field of
agribusiness (PACHECO et al., 2014a, 2014b, 2017).

Specifically, about feedlot beef Ccattle,
ROSA et al., (2017) and SILVA et al., (2017) have

4 5 6 7 8 9 10
0.77 -0.78 0.21 -0.67 0.78 -0.75 -0.76
0.78 -0.79 -0.23 -0.71 0.50 -0.75 -0.79
0.97 -0.98 -0.29 -0.95 0.75 -0.97 -0.96

-0.99 -0.12 -0.92 0.81 -0.98 -0.99
-0.99 0.17 0.94 -0.80 0.99 0.98
-0.04 0.14 0.33 0.30 0.15 0.13
-0.93 0.95 0.27 -0.64 0.92 0.93
0.80 -0.77 0.34 -0.62 -0.82 -0.80
-0.99 0.99 0.07 0.93 -0.80 0.96
-0.97 0.98 0.08 0.93 -0.78 0.95

used Monte Carlo simulation to assess the economic
viability of using different concentrate levels in the
diets. Conversely, PACHECO et al., (2014a, 2017)
and FABRICIO etal., (2017) have used this technique
to assess different slaughter weights, and Pacheco et
al. (2014b) to assess different categories of calves.

SILVA et al., (2017) stated that, from an
economic point of view, studies involving stochastic
simulation in livestock production systems are limited,
specially with respect to the refinement of methods
aimed to improve the quality of simulations results.
ROSA etal., (2017) draw attention to the fact that feedlot
beef cattle require high volume of financial resources at
the beginning of the investment project implementation,
which justifies the use of simulation techniques to help
in decision making on the part of investors.

An important aspect of the present study is
the fact of using high level of concentrate in the diets,

Table 4 - Spearman’s rank correlation coefficients of cost, revenue, and zootechnical performance for 66% (below the diagonal) and

100% (above the diagonal) of pearl millet.

Items 1 2

1 Unfinished cattle (R$/kg) 0.76
2 Finished cattle (R$/kg) 0.76

3 Wage (R$/month) 0.71 0.76
4 Land (R$/ha) 077 078
5 Forage (R$/kg MS) -0.78 -0.79
6 Concentrate (R$/kg MS) 0.15 -0.32
7 Health (R$/animal) -0.67 -0.71
8 Land opportunity (R$/animal) 0.78 0.50
9 Facilities/equipment (R$/animal/day) -0.75 -0.75
10 Machines/supplies (R$/animal/day) -0.76 -0.79

3

0.71
0.76

0.97
-0.98
-0.37
-0.95
0.75
-0.97
-0.96

4 5 6 7 8 9 10
0.77 -0.78 0.05 -0.67  0.78  -0.75 -0.76
0.78 -0.79 -0.44  -0.71 0.50 -0.75 -0.79
0.97 -0.98 -048 -095 075 -097 -0.96

-0.99 -0.36 -092 081 -0.98 -0.99
-0.99 0.38 094 -0.80 099 0.98
-0.22 0.26 0.46 0.05 0.37 0.38
-0.92 0.94 0.39 -0.64 092 0.93
0.81 -0.80 0.22 -0.64 -0.82  -0.80
-0.98 0.99 0.24 092  -0.82 0.96
-0.99 0.98 0.24 093  -0.80 0.96
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Table 5 - Variability statistics of input variables and descriptive statistics for simulated net present value (R$/animal), for all levels of

pearl millet.

Input variables

Concentrate consumption, kg dry matter/day
Concentrate, R$/kg dry matter

Unfinished cattle, R$/kg

Initial weight, kg

Finished cattle, R$/kg

Final weight, kg

Daily average gain, kg

Minimum acceptable rate of return (%)
Forage consumption, kg dry matter/day
Forage, R$/kg dry matter

representing the current reality of feedlots in Brazil,
which has been demonstrated in studies conducted by
MILLEN et al., (2009) and COSTA JUNIOR et al.,
(2013), who applied questionnaires to nutritionists
responsible for the development of diets for feedlot
cattle in several Brazilian states.

Standard deviation

Coefficient of variation (%)

0.288 4.0
0.078 17.2
0.98 422.0
13.092 4.0
0.60 686.9
19.222 4.0
0.067 4.0
0.018 19.2
0.072 4.0
0.058 17.9

Table 6 shows the positive expected values
for NPV at all levels of replacement of corn with
pearl millet (0 to 100%), increasing linearly from R$
71.74 to R$ 223.80/animal, respectively.

The statistics of minimum and maximum
values, standard deviation, and coefficients of variation

Figure 1 - Flowchart of the sequence of the deterministic and probabilistic
steps of the methodology.

Ciéncia Rural, v.50, n.3, 2020.
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Table 6 - Descriptive statistics for simulated net present value (R$/animal), according to the level of pearl millet.

Pearl millet level (%)

Minimum

Maximum

Average

Standard deviation
Coefficient of variation (%)
NPV >0

allowed the quantification of the variability simulated for
several scenarios, considering indicators of zootechnical
performance, costs, and revenues at the same time.
Although, the standard deviation was slightly reduced
with increasing replacement level, it was observed that
when expressed as a percentage of the average (coefficient
of variation), there was linear increase from 25.3 to 83.5%
and 0 to 100% of replacement, respectively.

With respect to the likelihood of NPV
>0, representing the percentage of viability of an
investment project, there was linear increment with
increased percentage of replacement of corn with
pearl millet in the diet, i.e., from 63.4% at 0% level to
82.4% at 100% level.

The graphical representation of the
cumulative probability distribution of 2,000 simulated
values of NPV for each replacement level is shown
in figure 2. This plot showed the NPV (x-axis) in
terms of cumulative probability (y-axis), enabling the
visualization of simulated cumulative values above

-1,330.21
1,250.65

33 66 100
-2,214.07 -2,159.66 -1,389.29
1,086.53 1,508.27 1,170.67

91.23 196.05 223.80
285.18 273.79 267.96
312.6 139.7 119.7
66.1% 78.4% 82.4%

and below zero, i.e., probability of viability and loss,
respectively. It can be observed that the curve to the right
moved to 100% of pearl millet, thus representing greater
occurrence of simulated values for NPV above zero.

In addition, the probability distributions of
the simulated NPV for different levels of replacement
of corn with pearl millet could be statistically
compared in the present study using the Kolmogorov-
Smirnov test, as shown in table 7.

As shown in table 6, the expected average
NPV values showed optimistic results for the viability
of feedlot technology, considering the high probability
of losses reported in several studies cited by Pacheco et
al. (2014a,2014b, 2014c, 2017). It is worth mentioning
the flexibility of the Monte Carlo simulation technique,
which can estimate several alternatives applied in
feedlots, as is the case of the present study replacing
an energetic ingredient with other for the diets.

We did not find studies in the literature
assessing the probability of economic viability in

Figure 2 - Cumulative probability distribution in the simulation of net present value (NPV),
according to the level of pearl millet.

Ciéncia Rural, v.50, n.3, 2020.
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feedlot cattle fed pearl millet. However, there are
reports with values for NPV >0 oscillating from
18.7% (PACHECO etal.,2017) to 80.4% (PACHECO
et al., 2014b), which demonstrates the possible extent
according to the technology used, time of year for
marketing, race, age, sex, initial weight, slaughter
weight, concentrate level, Brazilian states, etc.

The present study demonstrated the great
alternative that pearl millet represents in place of corn
relating to zootechnical performance (Table 1) and,
especially, economic viability (Table 6).

According to Kolmogorov-Smirnov test,
it was observed that the differences in simulated
NPVs were significant (P<0.05) in all pairs of pearl
millet levels. In this way, as the level of replacement
increased, there was a correspondingly significant
higher NPV.

All the probability distribution curves were
classified as first-order stochastic dominance, i.e.,
characterizing investors who preferred investment
projects with higher returns. In addition, higher
levels of replacement dominated lower levels in all
comparisons of distribution pairs. In this way, it was
possible to observe that 100% replacement of corn
with pearl millet was the best investment project,
because, statistically, it promoted the highest return
in comparison to other replacement levels.

The last method of quantification of the
risk involved in the economic viability presented in
the present study was the probabilistic sensitivity
analysis using standardized regression coefficients
(Figure 3). This method allowed the comparison of
inputs with different units of measurement.

The most important items that influenced
the financial indicator (NPV) were, in descending
order, the prices of unfinished and finished cattle,
final weight, initial weight, price of concentrate,

price of forage, concentrate consumption, and
forage consumption.

With respect to the prices of unfinished
and finished cattle, it was observed that the higher
the level of replacement, the higher the relevance
of these two inputs to influence NPV. The opposite
occurred with concentrate and forage consumption,
i.e., the higher the level of replacement, the lower the
standardized regression coefficients.

Considering the risk indicated by the
analysis of sensitivity (Figure 3), it was observed that
among the items of the experimental diet components,
only the price of concentrate exhibited higher relevance
influencing NPV, which was equivalent to initial weight.

Prices of unfinished and finished cattle and
final weight were the most important items. This finding
was in line with other probabilistic sensitivity analyses
of feedlot cattle (PACHECO et al., 2014a, 2014b, 2014c,
2017; ROSA et al., 2017; SILVA et al., 2017).

In the present study, prices of unfinished
and finished cattle were up to six times more relevant
to influence NPV than the price of concentrate. For
example, every increase of R$ 0.01 in the price of
unfinished cattle caused a reduction of R$ -3.33 in
NPV for 100% replacement level. This result was
obtained using the information of standard deviation
of the inputs in table 5, associated with the data of
standard deviation of NPV in table 6, and regression
coefficients in figure 3, as follows according to
Pacheco et al. (2014c¢): each unit of standard deviation
in the price of unfinished cattle (R$ 0.98/kg live
weight) resulted in -1.22 standard deviation units in
NPV output (1 standard deviation of NPV for 100% =
R$ 267.96/confined animal), and the other input items
remained constant. Therefore, R$ 0.98 of change in
price of unfinished cattle = R$ -326.91 of change in
NPV (=-1.22"267.96), and R$ 0.01 of change in price

Table 7 - Stochastic dominance and domain type, according to the Kolmogorov-Smirnov test (KS) and comparing pairs of probability
distributions of pearl millet levels for the simulated net present value.

Pairs of pearl millet levels Statistics KS

0vs. 33 1.37
0 vs. 66 6.01
0 vs. 100 7.08
33 vs. 66 5.09
33 vs. 100 6.07
66 vs. 100 1.37

'F = first-order stochastic dominance.

*< = higher levels of pearl millet dominated lower levels of pearl millet.

Pr>KS Dominance' Domain type

0.0456 F
0.0001
0.0001
0.0001
0.0001
0.0456

M m Mmoo
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millet.

Figure 3 - Standardized multivariate regression coefficients of the most relevant variables
influencing the simulated net present values, according to the level of pearl

of unfinished cattle = R$ -3.33 of change in NPV (=
-326.9170.01/0.98).

These calculations can facilitate the
decision-making process on the part of the investors/
managers. LOPES etal., (2011) reported the influence
established by the best strategies for purchasing grains
and dietary ingredients, unfinished cattle, finished
cattle, and monitoring of price volatility of grains and
cattle to obtain the best results of economic viability.

CONCLUSION

Based on the simulated results for the
financial indicator NPV, the diet with 100% of pearl
millet exhibited the best economic viability. The items
that most influenced the financial indicator were, in
descending order, prices of unfinished and finished
cattle, initial and final weights, prices of concentrate
and forage, and concentrate and forage consumption.
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