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Abstract

Fish feed represents between 50% and 70% of intensive aquaculture production costs. In this context, the present
study aimed to evaluate the economic viability of the production of Nile tilapia under a diet with cassava
residues in it. To evaluate the economic efficiency in relation to the inclusion of residues in the tilapia feed, the
approximate cost of feed per kilogram of live weight (CMR) gained during the experimental period was
determined, and later the cash flow of the production was raised for analysis of indicators: NPV (Net Present
Value), CBI (Cost Benefit Rate), and IRR (Internal Rate of Return) submitted to different discount rates from
existing financing sources in the region. It was found that tilapia under the diet with the inclusion of tapioca
sweep in the diet, showed greater economic efficiency, and consequently higher NPV (R $ 4,583.33), IRR (15%)
and CBR (1.17). In this sense, the viability analysis showed that cassava residues in diets of tilapia diets, indicate
to be a viable strategy to better develop aquaculture production, in a more sustainable way, enhancing the
technical and economic viability and minimizing the environmental impacts.
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1. Introduction

Aquaculture is an essential agricultural practice for food security worldwide (FAO, 2016; Fore et al., 2018) and
the Nile tilapia is one of the most popular species (Cai et al., 2018). In general, the pisciculture is also widely
considered an option to fight hunger and poverty in developing countries (Lithgow et al., 2017).

In turn, aquaculture is a fast-growing sector with a world fish production of 80 MT in 2016, which represents 88%
of the world fish production (FAO, 2018). In this sector, the creation of tilapia is included, as the only aquaculture
species with a consolidated improvement program in the country, which has contributed to the sharp increase in its
production compared to other fish species (Silva et al., 2020).

Nile tilapia (Orechromis niloticus) was the most widely cultivated aquaculture species in Brazil in 2018,
corresponding to 55.4% (400.3 thousand tons) of the total national fish production. From a social perspective, if
practiced in a sustainable way, it can promote socioeconomic development by reducing inequalities and
distributing in an equitable manner, income and assets (Costa-Pierce et al., 2010), and also in areas with natural
resources abundant, can be a strategy for low-income communities to reconcile socioeconomic improvement and
environmental conservation (Fonseca et al., 2017).

In Rio de Janeiro, commercial aquaculture developed from the 1980s onwards, following some sporadic
incentives, but mainly driven by the private sector in search of new investment alternatives in the agricultural
production sector (Scott et al., 2002). A relevant goal to keep this sector in constant growth involves the
development of new researches with the objective of determining the benefits of using different feeding
strategies and how these strategies influence economic and productive parameters (Gutiérrez et al., 2015;
Janssen et al., 2017).

This activity has also been consolidated in Brazil as a result of available water resources, the favorable climate,
relatively inexpensive labor and the growing domestic and foreign market (Garcia et al., 2013). Mostly, it has
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been practiced in semi-intensive systems, in excavated ponds with little water renewal, low or medium storage
density and the use of balanced rations combined with the use of natural food (Brande, 2017).

Within this technological package, special attention should be given to the cost of food, which according to
Perea-Roman et al. (2018) represents 50% to 70% of the operating cost and, therefore, its change reflects a great
impact on the final cost. For Nunes Souto (2015), the value of the feed should not exceed 25% of the market
value of the cultivated species. This percentage can vary depending on the productivity obtained in the creation
and on the value of the ingredients used in food, the latter being also greatly impacted by the cost of logistics for
the purchase of these inputs in some regions.

Tilapia are organisms with protein requirements from lower food chains and eating habits that tend to be
herbivores (Montoya-Camacho et al., 2018), however, intensive tilapia rearing models in close systems require
protein/energy levels between 18 and 23 kg/MJ for maintaining optimal growth in the early stages, according to
Kabir et al. (2018). Another important feature to consider is that depending on the type of fish, the nutritional
needs for their food will be (Boyd, 2013).

In feeding fish farming systems, fishmeal, as well as meat, blood and soy pie, are the common sources of protein
used to make concentrate today (Trevino et al., 2014). The use of fish evisceration residues through silage
processes, for subsequent inclusion in animal feed diets, is a high quality nutritional alternative that allows
obtaining a lower cost feed, but with high production rates and feed efficiency, due to the fact that they have an
appreciable nutritional composition, whose proteins are of high biological value and high digestibility, which
provides great benefit in animal feed (Garcez, 2015).

Considering the high costs of these raw materials and their possible low availability in some regions, it is
assumed that there is a need to seek regional alternatives of low-cost proteins with high nutritional quality in
order to obtain adequate production indicators that allow improving the profitability of production units.

According to Haygood and Jha (2018), several studies on the effects of alternative feed ingredients cite
economic concerns as one of the important factors to be analyzed, such as the studies carried out by Dias et al.
(2020), Sabbag (2014), Carvalho et al. (2020), among others.

Thus, research on the economic viability of raising tilapia under diet with different ingredients from
agro-industrial waste becomes necessary and fundamental, since the focus of fish farming is to produce high
quality products at the lowest possible cost. However, there are few economic studies that use analyzes with
econometric equations to obtain profitability studies in Nile tilapia, based on analyzes of economic indicators
that consider monetary values over time and their attractiveness margin against others financial markets.

Among the financial economic feasibility studies used to evaluate the production of Nile tilapia, we can point out
the economic analyzes of this production in a greenhouse (Gutiérrez-Leyva et al., 2020), in earthen nurseries
(Trombeta et al., 2017) and in net tanks installed in lakes and reservoirs (Franca et al., 2016; Brabo et al., 2017),
as well as in integrated production with vegetables in an aquaponic system (Quagrainie et al., 2018), in addition
to application for other species in different cropping systems.

In general, these studies have shown that fish farms periodically need new investments to increase the
technological level of the production system. On the other hand, existing data cannot be widely used, since the
production cost reflects the use of production technology under certain environmental and economic conditions,
as pointed out by Ayroza et al. (2011). Given the above, this research aimed to evaluate the economic efficiency
and economic feasibility of using cassava processing residues in Nile tilapia diet.

2. Method
2.1 Characterization of the Experiment

The experiment was conducted at the Federal Institute of Education, Science and Technology Fluminense
Advanced Campus Cambuci (IFF-Cambuci), in the municipality of Cambuci/RJ, in partnership with the State
University of North Fluminense Darcy Ribeiro (UENF), from January to May 2017, totaling 112 days. The
simulated production system is a small fish farm carried out in a nursery (excavated tank) of 1,000 m? of water
depth (50.0 x 20.0 x 1.0 m) and rearing in a single phase with a density of 3 fish/m?.

Three rations were manufactured to feed the fish, one with only traditional ingredients, without inclusion of
cassava waste (control; T1) and two with alternative ingredients (waste obtained from agro-industries in the
region): cassava peel flour 24% (T2) and tapioca dusting flour (T3). The formulations of the three diets, shown
in Table 1, are isoprotein (36% crude protein), isocaloric (3.100 Kcal).
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Table 1. Formulation in percentage of the ingredients of the experimental and control diets

. Treatments
Ingredients (%)
T1 (WAR) T2 (ARMPF) T3 (ARTSF)

Corn meal 19.08 2.00 1.00

Wheat bran 8.00 2.00 2.00
Soybean meal 54.92 38.09 28.00

Fish’s flour 15.00 30.91 42.00
Premix 2.00 2.00 2.00

Fish oil 1.00 1.00 1.00
Residue 1 (RAFCM) 0.00 24.00 0.00
Residue 2 (RAFVT) 0.00 0.00 24.00

“Toal 100.00 1 1000 10000

Note. T1 (WAR): without agro-industrial residue; T2 (ARMPF): agro-industrial residue from manioc peel flour;
T3 (ARTSF): agroindustrial residue from tapioca sweeping flour.

All diets were formulated with 3,100 Kcal/Kg of digestible energy and 36% crude protein.

2.2 Economic Evaluation

Economic aspects are important in the planning, control and decision-making of fish farming, since costs play
two important roles, managerial and business. The aim is to provide data for establishing standards, budgets and
other forms of forecasting and, subsequently, comparing the values already reported by other researches in
different production systems.

To evaluate the economic efficiency in relation to the inclusion of residues in the feeding of tilapia, the
approximate cost of feed per kilogram of live weight (AFC) gained during the experimental period was
determined, as recommended by Bellaver et al. (1985). The AFC correlates the cost of the feed provided to the
zootechnical performance obtained.

AFC:M )
WG.

Where, AFC = average feed cost per kilogram gained in the i-th treatment; Q; = average amount of feed used in
the i-th treatment; C; = average cost per kilogram of feed used in the i-th treatment; GP; = mean weight gain of
the i-th treatment.

Then, the economic efficiency index (EEI) and the cost index (CI) were calculated according to Barbosa et al.
(1992) from the following equations:

EEL=E€€ 100 2
Ce,

Cl = &xloo 3
LCe

Where, EEI = economic efficiency index; CI = cost index; LCe = lowest average cost observed in feed per
kilogram of live weight between treatments; ACe; = average cost of treatment 7/ considered.

2.3 Economic Feasibility Analysis

Productivity was calculated based on the survival rate of the fingerlings of 93% for the entire cycle and a
slaughter weight of 800 grams at the end of a 12-month rearing period. The price of whole fish paid to the
producer considered was R$ 6.00/Kg and the prices of inputs used to make up the cash flows were average
prices obtained in the North and Northwest regions of Rio de Janeiro in 2016.

The cash flow values resulted from the inflows and outflows of resources and products throughout this period
and, at the end of this investment horizon, the inputs that had not yet exhausted were recorded as revenues in this
last year. In this way, the residual values of land, facilities and equipment entered as revenue at the end.

All prices used in the economic analysis, whether for sale of the product or purchase of inputs, were collected in
the North Fluminense region to reflect the real economic potential of the alternatives tested.
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The prices of the ingredients of the diet were obtained in Campos dos Goytacazes/RJ, in October 2016. Such
prices (R$/Kg) used in the elaboration of the costs were: corn (R$ 1.30), wheat bran (R$ 1.18), soybean meal
(RS 2.16), fish meal (R$ 2.22), vitamin and mineral premix (R$ 13.50) and fish oil (R$ 2.00). Waste for reuse
was considered as zero cost.

From the construction of the cash flow through the technical coefficients, the following profitability indicators
were used: the Net Present Value (NPV), the Internal Rate of Return (IRR) and the Benefit-Cost Ratio (BCR),
which have the fact that they consider the effect of the period of time on monetary values is an advantage.

The NPV consists of transferring to the current instant all expected cash flows, discounting them at a certain
interest rate and adding them algebraically, being determined by the expression below. The NPV must be
positive for the project to be accepted.

g “
S A+k)

Where, I = capital investment at zero date; F'C, = return on date t of the cash flow; n = project analysis period k£ =
minimum rate to carry out the investment or capital cost of the investment project.

NPV =—I+

If the result is less than zero, it means that the return on investment was less than the desired minimum, so the
project is considered rejected. If the result is greater than or equal to zero, the project presents an indication of
feasibility (Ross et al., 2015; Assaf Neto, 2014).

n
0=—I+ ZLZ )
o (1+IRR)
The BCR of a project is the rate that nullifies the NPV of the investment’s cash flow. It is the one that makes the
present value of future profits equivalent to the expenses incurred with the project, thus characterizing the rate of
return on invested capital. The higher the IRR, the more solid the project will be, which must be above the
minimum attractiveness rate for the project to be accepted.

The BCR consists of transferring to the current instant all expected cash flows, discounting them at a certain
interest rate and dividing them by the invested capital, being determined by the expression below. The BCR must
be above 1 for the project to be accepted, indicating that the capital obtained (benefit) was greater than the
capital invested (cost).

" CF,
_ J (6)
BCR=> i /CFO

j=1
Where, CF; = cash flow at time j; i = interest rate; CF,, = capital invested at the start of the project. This index
analyzes the “cost/benefit” of the project and provides a measure of the expected return per monetary unit
(BRAGA, 2010).

3. Results and Discussion

It was observed that the cost of conventional feed is higher than the cost of feed with cassava waste, having as its
main justification the assumption of zero cost, that is, the reuse of cassava waste (Table 2). However, it is worth
noting that the average feed cost per kilogram of live weight with tapioca dusting flour residue is lower than the
cost of feed with cassava husk, thus demonstrating a better economic/zootechnical balance, since this alternative
significantly achieves the ratio of high quality products at the lowest possible cost.

It is possible, therefore, to point out that the economic efficiency index generated by the treatment with tapioca
dusting flour enables greater economic efficiency than the others.
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Table 2. Economic efficiency of the use of cassava processing residues in the Nile tilapia diet

Treatments
Variables
T1 (SRA) T2 (RAFCM) T3 (RAFVT)
Race cost (R$/Kg) 2.15 1.85 1.87
AFC (R$/Kg PVG) 7.57% 7.78° 4.85°
Cost index 193.27 198.86 124.03
EEI 51.74 50.29 80.63

Note. T1 (WAR): without agro-industrial residue; T2 (ARMPF): agro-industrial residue from manioc peel flour;
T3 (ARTSF): agroindustrial residue from tapioca sweeping flour.

¢ Means followed by at least one equal letter on the same line do not differ at the 5% probability level by
Tukey’s test.

These data corroborate other studies that established comparisons between the sources of feed ingredients.
Pereira Junior et al. (2013), observed that the use of cassava flour in different degrees of substitution to corn in
the feeding of tambaqui contributed to a decrease of around 15% in the cost of feed production. As observed by
Cruz et al. (2006), who identified a lower cost per kilogram of feed with the inclusion of cassava trimming flour
to replace corn in feed for laying hens.

It is worth noting that although the treatments show statistically significant similarity, in terms of economic
aspects, the inclusion of cassava residues in Nile tilapia farming may enable the identification of alternative
sources of nutrients that are less costly at the total cost of production. In addition, the reuse of these residues as
an alternative ingredient also contributes to the preservation of the environment and the sustainability of all
agricultural activities.

Gutierrez-Leyva et al. (2020) explain that within the panorama of the development of new policies in world
aquaculture, the application of new production models aimed at species with high commercial demand and low
production costs, has clear objectives for economic development, employment and protection of the
environment.

The simulation of cash flows obtained over 3 years from the use of feed was done only with traditional
ingredients and alternative feed made with the inclusion of tapioca dusting flour (T3), considering that the latter
presented superior zootechnical results to the diet with inclusion of cassava peel flour. Based on this observation,
the production costs and the economic viability of tilapia production were comparatively analyzed with the two
treatments that presented the highest economic efficiency index.

Although the revenue obtained is considered the same, considering that there is no price difference for the
product offered, the lower feed cost with tapioca sweeping allows for greater NPV achievement over three years.
For both conditions, the NPV > 0 is obtained, however in the rearing of tilapia with traditional feed, NPV
equivalent to R$ 1,041.81 was obtained, and RS 4,583.33 for tilapia fed with tapioca-scanned feed (Table 3).

Table 3. Summarized cash flows of Nile tilapia production with traditional diet feed and cassava sweeping
residue insertion

T1 (SRA) T3 (RAFVT)
Year 1 (RS) Year 2 (R$) Year 3 (R$) Year 1 (RS) Year 2 (R$) Year 3 (RS)
Revenue 13.392,00 13.392,00 13.392,00 13.392,00 13.392,00 13.392,00
Costs 42.367,60 10.587,60 10.587,60 41.117,68 9.337,68 9.337,68
Cash flow (28.975,60) 2.804,40 30.754,90 (27.725,68) 4.054,32 32.004,82
NPV6% R$ 104180 R$ 458333
IRR 7,98% 15,00%
BCR 1.04 1.17

Note. T1 (WAR): without agro-industrial residue; T3 (ARTSF): agroindustrial residue from tapioca sweeping
flour.
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In western Parana, Queiroz (2015) analyzed the economic feasibility of raising tilapia in excavated tanks, and
concluded that the NPV was positive, meaning that the capital invested in the project will be recovered. And just
as in this research, in addition to the financial indicators, the researcher also emphasizes that agricultural and
livestock activities are exposed to climate and price variations.

Regarding the IRR, it can be considered that the closer the IRR of the business is to the minimum attractiveness
rate (MAR), the more subject the activity will be to inflationary fluctuations in the economy, which can be
crucial for the family producer who does not have of financial reserve to get through periods of economic
recession. Based on this principle, the T3 ration is observed as promising a greater safety margin for the activity,
as only interest rates above 15% would make the project unfeasible, while interest rates above 8% already make
the use of the ration unfeasible. T1.

Rocha et al. (2020) when analyzing the economic viability of the cultivation of Nile tilapia in Rio Grande do Sul
also found both the NPV and the IRR, indicating that the cultivation of tilapia will pay more than the minimum
rate expected by the rural property.

Following the assumption of the benefit-cost ratio, it indicates how much profitability there will be in that period,
in adjusted values, based on the investment made. Thus, for every R$1.00 invested in raising tilapia using the T3
feed, there will be a cash flow of R$1.17. In the use of T1 feed, this flow would be only R$ 1.04, about 11%
lower.

It is important to pay attention to this information as indexes that demonstrate the alternatives that could
contribute to cost reduction, especially in food, since this is commonly identified as the largest composition of
the total cost of fish farming, according to Oliveira et al. (2014); Janssen et al. (2017).

In this context, it is worth noting that this is a sustainable activity that can take advantage of different agricultural
residues, in addition to providing the fish farmer with profitability, with significant gains for the regional
economy, as shown by Sabbag (2014). However, like any other economic activity, it needs a strategy or basic
planning to produce good results in its production units.

Finally, it is noteworthy that these observations must be added to the possibilities of marketing and the variation
in product prices (Ayroza et al., 2011), as determining factors for its good cost-benefit. Since there are both
zootechnical and market factors that interfere in the productivity and profitability of tilapia farming, as pointed
out by Garcia et al. (2016).

4. Conclusion

The highest economic profitability index was achieved with the inclusion of tapioca sweeping in the diet, which
is why it is highlighted that when feeding Nile tilapia with this food, a greater economic reward is achieved per
kilogram of fish meat produced. Furthermore, the use of cassava residues in tilapia diets made it possible to
establish a sustainable production strategy, with a better cost-benefit rate between the reduction in food costs and
the environmental impact.
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