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ABSTRACT

This study evaluated the economic viability of industrial production of complete diets for equine species, using three
sources of fiber (dehydrated whole corn plant, dehydrated elephant grass, or Tifton 85 hay) submitted to two types
of thermal processing (pelleting or extrusion). A survey and elaboration of costs from the agricultural production of
roughage to the commercialization of the final product was conducted. Three scenarios were compared: SI — basal
price of complete diet (ingredients supplied together, but purchased separately); S2 — price of SI plus 10%; S3 - price
of S1 plus 20%. Profitability indicators applied were internal rate of return (IRR) and net present value (NPV). Simple
payback was used to verify return on investment time. Sensitivity analysis was performed to identify the items that
most influence the economic results. Simple payback ranged from one to six years. The highest values of IRR (>100%
per year) and NPV were obtained for the extruded diets in scenario 3. Only the pelletized diet containing Tifton 85 hay
in scenario 1 was not economically feasible, presenting negative IRR. The inputs make up the item with the greatest
burden on the production process (mean 89%). Except for pelletized diet containing Tifton 85 hay in scenario 1, the
other projects present IRR above the minimum attractiveness rate (MAR) and were considered economically feasible.

Keywords: Horses feeding. Economic analysis. Roughage. Thermal processing.

RESUMO

O presente trabalho avaliou a viabilidade econdémica do projeto de produgdo industrial de dietas completas para a
espécie equina, utilizando trés fontes de fibra (rolao de milho ou capim elefante desidratado ou feno de Tifton 85)
submetidas a dois tipos de tratamento térmico (peletizagdo ou extrusdo). Foram realizados o levantamento e elaboragao
de custos desde a produgao agricola do volumoso até a comercializagdo do produto final. Foram propostos trés cenarios
comparativos: SI — prego base da dieta completa (ingredientes fornecidos ao mesmo tempo, porém, separadamente);
§2 - prego de SI mais 10%; S3 - preco de SI mais 20%. A Taxa Interna de Retorno (TIR) e o Valor Presente Liquido
(VPL) foram os indicadores de rentabilidade. O Payback simples foi utilizado para verificar o tempo de retorno do
investimento. Foi realizada analise de sensibilidade para identificar os itens que mais influenciaram os resultados
economicos. O Payback simples variou de um a seis anos. Os maiores valores de TIR (>100% a.a) e VPL foram obtidos
para as dietas extrusadas no cenario 3. Apenas a dieta peletizada contendo feno de Tifton 85 no cendrio 1 néo foi viavel
economicamente, apresentando TIR negativa. Os insumos compdem o item de maior oneragao no processo produtivo
(média de 89%). Exceto para dieta peletizada contendo feno de Tifton 85 no cenario 1, os demais projetos apresentam
TIR acima da taxa média de atratividade sendo considerados vidveis economicamente.
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Introduction

There are an estimated 5 million horse heads in Brazil,
with 1.1 million destined for sport, recreation and breeding
and 3.9 million intended to work. However this number is
still not well defined since it does not consider the actual
number in urban establishments and/or where the breeders
themselves often omit information for reasons of secrecy
(Lima & Cintra, 2016).

Regarding the expressiveness of the horse feed market,
according to data from the companies associated with
Sindiragdes (2016), about 66.5 million tons were produced
in 2015 and 1% of the production went to equines. However
according to the Ministry of Agriculture, Livestock, and
Supply, considering the other companies registered, it is
estimated that this market is 60% higher (Lima & Cintra,
2016).

In horse breeding, hay wastage when it is supplied in
bays or the field, and the generation of dust resulting from
the handling of this material, are unfavorable points of
horse production, and targets of research for the economics
of property. McMillan et al. (2009) and Martinson et al.
(2012) have shown that hay waste both in the field and
within the bays can vary from 1.3 to 57%, representing
significant economic losses.

In addition, difficulties in assessing roughage quality are
also relevant issues in property economics. In battalions
of military police or urban breeders, lack of guidance and
use of low-quality forages negatively influence the digestive
health of animals with reduced performance during work,
increase costs for veterinary treatments, and increase risk
of death.

Several researchers analyzed the possibility of adequately
and safely replacing traditional feeding with a single processed
complete diet. This strategy smoothes the production
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barriers, while economically enabling production without
compromising the requirements of each animal category or
changing behavioral parameters (Elia et al., 2010; Feltre et al.,
2016; Manzano, 1987). However, lack of knowledge about
the effects of this diet on the digestive physiology of the
horses and the technologies for producing these foods
postponed their presence in the market.

The objective of the present study was to evaluate the
economiic feasibility of the single complete diet industrial
production project with the use of three different sources
of fiber (dehydrated elephant grass, dehydrated whole
corn plant, or Tifton 85 hay), submitted to two thermal
processing (pelleting and extrusion) for the equine species.

Material and Methods

The economic feasibility analysis of the complete pelletized
and extruded diet was developed at Pirassununga (Sao Paulo,
Brazil; 21°57°27.9”S 47°27°10.0"W), through a detailed
survey and elaboration of costs in electronic spreadsheets.
Research on animals was conducted according to the
Institutional Animal Care and Use Committee (protocol
n° 610004; CEUA/EMVZ/USP).

The method used followed the same precepts of
Feltre et al. (2016). For this simulation, the hypothesis that
all production would be commercialized was considered;
therefore, no idleness in the system. For the development
of the study, a rural property located in the city of Londrina
(PR, Brazil) was identified as a reference. Method of cost
accounting, both agricultural and industrial, followed
that proposed by Martins (1990). All prices of inputs and
services by the market were assessed through telephone
calls, internet searches or visits to establishments.

The diets evaluated were divided into complete diet
pelletized or extruded composed of 50% of roughage
(dehydrated whole corn plant, dehydrated elephant grass,
or Tifton 85 hay) added with concentrate totaling six types
of diets, each formulated to present the same nutritional
value. The daily dry matter intake adopted for the economic
analysis was 2% of body weight, considering the average
weight of the animals in maintenance of 450 kg, following
the recommendations of the Nutrient Requirements of
Horses (National Research Council, 2007).

To simulate sales volume, we considered a captive market
referring to the consumption of the complete diet exclusively
for 2,250 and 3,215 animals in maintenance, per year, for the
pelletized and extruded product, respectively. These values
were calculated according to the annual consumption of the
animals in maintenance, as cited above, in relation to the
annual production capacity of the pelletizer (3.5 t hour™)
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and extruded (5.0 t hour™) products, respectively. Also we
considered that commercial distribution of the product
would be carried out by a representative, who would receive
a gross margin of 20%.

The equipment and procedures used were: 1) adapted
biomass pelletizer (Eng-Mag, model: Eng 0200V, flat die of
15 mm diameter). The process temperature of raw material
was 80-95 °C, inlet moisture around 2% and outlet 15%,
cooling-in time of 5 min under non-vented air ventilation;
2) adapted extruder (self-fabricated, die of 10 mm diameter).
The process temperature of raw material was 90 °C to 120 °C,
inlet moisture of 21% and outlet 16% and a cooling-in time
of 5 min under non-vented air ventilation.

Regarding cost of agricultural inputs, the production of
dry matter for each fiber source was considered according
to data obtained in the literature (Flores et al., 2012;
Pizzani et al., 2012; Zopollatto et al., 2009). Production costs
were assessed for each crop (dehydrated whole corn plant,
dehydrated elephant grass, and Tifton 85 hay). The expenses
of the industrial inputs included the specific equipment
(pelletizer and extruder), quantity and proportion of the
ingredients required for each diet, electric energy costs of
the region in 2016 (COPEL; Parand, Brazil) and costs of
packaging and respective identifications.

Transportation costs were updated according to
ESALQ-LOG! considering the expenses of the company
(salary and working hours of the driver), operating and
market costs (referring to the acquisition of the set and
maintenance of the truck) and a 300 km radius of distribution
of the goods. The commercialization product analysis was
carried out according to Feltre et al. (2016).

Regulations involved in feed production and
commercialization of the product were obtained from
the database of the Official Gazette; for taxes, the rate of
23.93% per month of revenues was considered assuming
presumed profit, according to information provided by an
accounting firm.

The economic parameters evaluated were: fixed assets
(realty, machinery, equipment and furniture), inputs
(agricultural and industrial), personnel expenses (operating
and administrative), production indicators (quantity in
tons and price), nutritional equivalence of complete diet
(dehydrated whole corn plant, dehydrated elephant grass,
or Tifton 85 hay), taxation (municipal, state and federal)
and transportation (to the consumer market). With these
parameters, the income statement (monthly) and cash flow
(annual, for 30 years) were prepared.

' www.esalqlog.esalq.usp.br
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Three scenarios were proposed for the three fiber sources
and the two thermal processing types based on differentiated
selling prices from complete diet to the final consumer
(horse breeder). For the project to be viable the selling price
of the complete diet to the consumer must be equivalent to
the price of the standard horse diet. To estimate the base
selling price (scenario 1, S1) the quantity and price of the
commercial concentrate, hay and mineral salt used for a
horse’s daily feed were considered. The value found was
R$ 1.42/kg (R$ 12.80 for an animal consuming 9 kg of diet
per day), already including the gross margin of 20% of the
distributor. To verify changes in income and cash flow, price
simulations were performed considering an increase of 10%
(scenario 2, S2; R$ 1.56/kg) and of 20% (scenario 3, S3; R$
1,69/kg) in relation to S1 for the three fiber sources.

In the cash flow spreadsheet, income and expenses
were estimated over the 30-year project horizon. In this
investment, the discount rate r (considered as the minimum
attractiveness rate; MAR) of 7.20% per year, was obtained
from the nominal average daily rate of interest (SELIC,
2016%) from January to December 2016, and by the inflation
rate represented by the National Consumer Price Index
(INPC/IBGE) accumulated until November 2016 according
to Equation 1:

‘{((1:2)}'1 (1)

Where r = real interest rate; j = nominal interest rate;

in = inflation rate.

To evaluate the feasibility of the production of the
complete diet, the following financial profitability indicators
were used: Net present value (NPV) and internal rate of
return (IRR). Simple payback was used to verify the time
needed to recover the initial investment. Investment with
IRR greater than or equal to the discount rate (or MAR),
and NPV greater than zero was considered economically
viable.

The NPV of a cash flow is equal to the present value
of the sum of the net cash flows forecast for the project
horizon, calculated as (Equation 2):

NPY=3 Nt (2)
t=1

R = net cash flow at the time cash flow occurred (t); i = real

interest rate (%); n = period of time. The IRR, in turn, is

the discount rate capable of zeroing the NPV. This rate is

obtained through computational simulation.

2 http://www.bcb.gov.br/?SELICDIARIOS
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A sensitivity analysis was performed to identify elements
that may affect the economic results of a system and influence
the financial viability of the activity. By computer program,
the results are obtained from the introduction of the
values of the parameters in the expression, the simulation
is carried out and it is then verified as to how and in what
proportions these variables affect the final results of the
project (Lima et al., 2007).

The influence of the change of a variable on the results
of the system was determined by evaluating a more
rigorous interpretation, which generates a more precise
interpretation of the risks associated with the activity
(Jerébnimo, 2013). Based on this information, investors will
know if future variations in the diet will lead to economic
losses or gains. For this study, we took as an indicator the
services/product costs sold for the pelletized and extruded
products in scenario 1, since the other scenarios follow the
same pattern of results.

Results and Discussion

This work evaluated the economic viability of producing
complete diets for horses. However, providing a quality product
at market-compatible prices is required. Table 1 shows results
of the analysis of the economic and productive feasibility
of the complete diet. It is possible to infer that, except for
the pelletized complete diet composed of Tifton 85 hay and
commercialized in scenario 1, the production of the other
diets were economically viable, presenting IRR above the
MAR of 7.20% per year. The simple payback ranged from
1 to 6 years, and the highest IRRs were obtained with the
extruded complete diet marketed in scenario 3.

When the respective scenarios, within each processing,
are evaluated for the average monthly net profit (AMNP,
R$/month) and IIR, the pelletized products always have
lower values about the extruded product. This result is
related to the productivity of each equipment evaluated
in this study, which for the pelletizer was 3.5 t hour” and
the extruder, 5.0 t hour.

When the respective scenarios are compared regarding
source of fiber used, the diets containing Tifton 85 hay
presented the lower value of AMNP, whereas the diets
containing dehydrated whole corn plant presented the
highest values. These results were influenced by the number
of cuts during the year (2 and 5 cuts for dehydrated whole
corn plant and Tifton 85 hay, respectively) and by the
higher dry matter yield (24 t year") of the Tifton 85 hay
(13 t year') considered for this study.

Tifton 85 hay is a grass widely used in hay production and
equine nutrition, but the maximum productive expression
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depends directly on soil management during the planting
phase, the cuts, and strict nitrogen fertilization. Also cut
management is essential to ensure adequate regrowth
(Taffarel etal., 2014). With this, it is possible to increase the
productivity of this species with appropriate management
practices with consequent improvement of the economic
results of the project.

When we evaluated the diet composed of Tifton 85 hay
pelletized in scenario 1, where the price of the complete diet
to the consumer is R$1.42/kg, we found that the IRR and
AMNP were negative. However, when the price of complete
diet increased by 10% of the base value (scenario 2), i.e.,
R$1.56/kg, the results were positive (IRR of 38.04% per year
and AMNP of R$36,129.32/month). It is thus possible to
infer that, despite the low productivity considered in this
project, the increase of 10% in the base value is enough to
make the project viable.

Analyzing scenario 3, where the price of complete
diet to the consumer is R$1.69 per kilo, the extruded diet
with dehydrated whole corn plant had the highest AMNP
(R$214,603.12/month), followed by the extruded diet
containing dehydrated elephant grass (R$189,661.89/month)
and extruded Tifton 85 hay (R$152,390.15/month).
In addition to the productivity of the equipment and dry
mass of forages, the lower number of cuts per year in the
case of maize may have interfered with the results, reducing
direct annual costs of agricultural inputs.

This project shows the flexibility of using different
fiber sources in the manufacture of equine diets to reduce
production costs without affecting quality of the final
product. Elephant grass has high productive potential and
adequate nutritional value and can offer around five cuts
in the year, and its use in feeding horses is recommended
in periods of feed scarcity. However, attention to soil and
plant fertility management is indispensable because it
presents rapid growth, decreasing the nutritive value with
the advancement of maturity (Lima et al., 2010).

The dehydrated whole corn plant as an alternative feed
in equine production is still little studied. Thus, processing
of dehydrated whole corn plant, besides presenting potential
to provide a fibrous feed and, to be used by horses and other
non-ruminant herbivores, can be a way of reducing input
costs (Goes et al., 2013). However, Tifton 85 hay, widely
used in horse feeding due to the greater preference by
this species (Dittrich et al., 2007), is provided both in the
conserved form (hay) and pasture. However, dry matter
yield for elephant grass and dehydrated whole corn plant
is lower (Azar et al., 2009; Pizzani et al., 2012).
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Table 1 - Results of the economic feasibility analysis of complete diet production for horses. Evaluation of three possible marketing

scenarios (S). Pirassununga, 2016

Indicator Pelletized Tifton 85 hay Extruded Tifton 85 hay

ST S22 S3@ S1 S2 S3
Investment (RS) 1,871,764.76  1,871,764.76 1,871,764.76  2,153,337.03 2,153,337.03 2,153,337.03
Complete diet selling price (R$/kg) 1.11 1.22 1.33 1.11 1.22 1.33
Complete diet price to the farmer (R$/kg) 142 1.56 1.69 1.42 1.56 1.69
Cultivated area required (ha) 284 284 284 406 406 406
Gross revenue (R$/month) 680,680.00 751,520.00 819,280.00 972,400.00 1,073,000.00 1,170,400.00
Costs of services/products sold (R$/month)  522,952.33 522,952.33 522,952.33 725,111.65 725,111.65 725,111.65
Average monthly net income (R$/month) -17,758.66 36,129.32 87,674.36 1,771.55 70,208.36 84,548.86
Internal Rate of Return (%per year) -12.99 38.04 72.53 12.24 114.49 161.88
Simple Payback (year) - 3 2 6 1 1
Net Present Value (R$) -2,159,338.59 5,628,563.71 13,077,861.55 886,023.47 26,799,435.80 39,064,078.19

Pelletized dehydrated elephant grass

Extruded dehydrated elephant grass

Investment (R$) 1,619,996.37 1,619,996.37 1,619,996.37 1,793,667.90 1,793,667.90 1,793,667.90
Complete diet selling price (R$/kg) 1.11 1.22 1.33 1.11 1.22 1.33
Complete diet price to the farmer (R$/kg) 1.42 1.56 1.69 142 1.56 1.69
Cultivated area required (ha) 106 106 106 151 151 151
Gross revenue (R$/month) 680,680.00 751,520.00 819,280.00 972,400.00 1,073,600.00 1,170,400.00
Costs of services/products sold (R$/month) 496,862.11 496,862.11 496,862.11 687,839.91 687,839.91 687,839.91
Average monthly net income (R$/month) 8,331.56 62,219.55 113,764.58 39,043.29 116,026.13 189,661.89
Internal Rate of Return (%per year) 17.05 61.03 99.70 40.63 93.53 142.95
Simple Payback (year) 5 2 2 3 2 1
Net Present Value (R$) 1,367,221.45 9,155,123.74 16,604,421.59 5,923,966.38 17,049,541.09 27,691,395.16
Pelletized dehydrated whole corn plant Extruded dehydrated whole corn plant
Investment (R$) 2,037,463.85 2,037,463.85 2,037,463.85 2,196,195.25 2,196,195.25 2,196,195.25
Complete diet selling price (R$/kg) 1.11 1.22 1.33 1.11 1.22 1.33
Complete diet price to the farmer (R$/kg) 1.42 1.56 1.69 1.42 1.56 1.69
Cultivated area required (ha) 154 154 154 220 220 220
Gross revenue (R$/month) 680,680.00 751,520.00 819,280.00 972,400.00 1,073,600.00 1,170,400.00
Costs of services/products sold (R$/month) 479,008.25 479,008.25 479,008.25 660,389.68 660,389.68 660,389.68
Average monthly net income (R$/month) 23,676.42 77,564.41 129,109.44 63,984.52 140,967.36 214,603.12
Internal Rate of Return (%per year) 26.88 60.93 91.74 50.23 93.16 133.55
Simple Payback (year) 4 2 2 2 2 1

Net Present Value (RS)

3,699,486.90 11,487,389.20 18,936,687.05

9,642,253.09 20,767,827.80 31,409,681.87

Footnotes: VPrice of complete diet equivalent to a traditional diet which uses ingredients supplied together, but purchased separately; @Considering a value 10%

higher in relation to S1; ®Considering a value 20% higher than S1.

Figure 1 displays the results of the sensitivity analysis,
taking as an indicator the services/product costs sold for
the pelletized and extruded products in scenario 1, since
the other scenarios follow the same pattern of results.
For this analysis, the items that make up the cash flows
of each system were studied individually, wherein we
selected one parameter and observed its effect on viability
indicators. By computer program, we obtained the results
from the introduction of the values of the parameters in
the expression, carried out the simulation and then verified
how and in what proportions these variables affected the
final results of the project (Lima et al., 2007).

The cost structure of the evaluated products was similar.
The inputs directly influence the project budget, representing,
on average, 89% of the costs and occupying the first place
in the sensitivity analysis, followed by the personal items
(averaging 3.9%), land lease (averaging 3.3%), depreciation

(with an average of 2.3%), general operating expenses
(average of 1.3%) and maintenance (average of 0.4%).
For this project, the “inputs” category included agricultural
inputs (soil correction, planting and maintenance fertilizer,
herbicides, insecticides and soil prepare) and industrial
inputs (diet formulation, energy and packaging). Thus,
the use of alternatives that can reduce inputs costs without
changing feed quality is necessary for better performance
and profitability of the company.

Feltre et al. (2016) evaluated the economic feasibility of
extruded enriched hay produced with 40% hay and 60%
concentrate and obtained IRR ranging from 9.44 to 66.3%
per year, and investment payback time of 11 to 2 years,
when evaluated in two scenarios similar to the present
work. The authors considered the economically feasible
investment to be promising from the nutritional, logistic
and economic point of view.
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Pelletized Tifton 85 hay

LandLease B 4.9%

Depreciation | 2.5%

Maintenance  0.4%
GOE | 1.4%
Personal B 4.3%
Inputs [N 56.6%
0% 25% 50% 75% 100%

Pelletized dehydrated elephant-grass

LandLease | 1.9%
Depreciation | 2.1%
Maintenance = 0.4%
GOE | 1.5%
B 45%

I 39.7%

100%

Personal
Inputs
0% 25%

50% 75%

Pelletized Whole Corn Plant

Land Lease J 2.9%
Depreciation | 2.9%
Maintenance = 0.5%
GOE | 1.5%
B 16%

I S7.4%

100%

Personal
Inputs
0% 25%

50% 75%

Figure 1.

Extruded Tifton 85 hay

LandLease M 5.1%

Depreciation | 2.2%

Maintenance = 0.3%
GOE | 1.0%
Personal I 3.1%
Inputs NN £8.4%
0% 25% 50% 75% 100%

Extruded dehydrated elephant-grass

Land Lease | 2.0%
Depreciation | 1.7%
Maintenance | 0.3%
GOE 1.1%
Personal 3.2%
Inputs _ 91.7%
0% 25% 50% 75% 100%

Extruded Whole Corn Plant

Land Lease 3.0%
Depreciation | 2.4%
Maintenance | 0.4%
GOE 1.1%
Personal 3.4%
Inputs 89.7%
0% 25% 50% 75% 100%

Sensitivity analysis: influence of the items that make up “Costs of Services/Products Sold” on the economic analysis of

complete horse diets in scenario 1. GOE = General Operating Expenses.

Conclusions

Considering that a system is feasible when its IRR is
equal to or greater than the opportunity cost of capital
and, observing the three scenarios evaluated, it is possible
to infer that the enterprise is economically feasible. In this
context, the project would cover both initial investment and
minimum remuneration required by the investor, generating
a greater financial surplus in scenario 3. Also the extruded
diet produced with dehydrated whole corn plant showed a
higher average monthly net profit than the other diets, as
opposed to the pelletized complete diet composed for Tifton
85 hay in scenario 1 which showed no project feasibility.
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