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ABSTRACT

Brazil is one of the world’s largest broiler meat exporters. Broiler meat
is one of the most consumed meats worldwide. The most significant
challenge for strategic business management when optimizing the
financial returnis knowing exactly where to invest. The same happens in
the broiler production chain. The present research aimed to investigate
which were the most central actors in the broiler supply chain and
the dynamics of the chain. The current study was done based on the
poultry chain business relations, from 2000 to 2015, of the leading
actors of the Brazilian broiler production chain. The centrality indicator
was established through social network analysis (SNA) approach, to
determine their positions in the chain as a whole. The most used
indicators within network analysis are those designed to identify
the extent to which one actor occupies a more central position than
another. The Gephi® software was applied to calculate the structural
attributes and indicators of the network. Results were estimated using
the RapidMiner® software. A model was presented that shows one
infrastructure indicator as an explanatory variable. The findings indicate
that the centrality indicator was weakly influenced when compared to
the other variables, such as market demand, wide variations on the
scenario, and mergers or acquisitions.

INTRODUCTION

The demand for livestock production is set to rise sharply over the
next few decades, especially as the world’s population grows. It is
estimated that the human population in 2050 will reach 9.6 billion,
with most of the increase expected in developing countries (UNDP,
2015). According to Thornton (2010), this combination of growing
demand in developing countries and stationary demand in industrialized
countries presents a great opportunity for animal protein production
in developing countries, where local production meets most of the
demand, and this scenario is likely to remain stable in the predictable
future. The world food economy is increasingly driven by the change
in diets and food consumption patterns considering animal protein.
Per capita consumption of animal protein has rapidly grown in several
large countries, China and Brazil among them, which has increased the
average of the developing countries and the world.

The perception of the significant change in the meat industry
reflects the increase performance of the global production and poultry
meat consumption. It grew by more than 5% per year, and its share
of world meat production increased from 15% three decades ago to
30% nowadays. Global production of animal protein has increased
substantially since the 60’s. Meat production has more than doubled,
and poultry meat production has increased by about ten times,
consisting of an increase in both the number of animals and the
productivity index. Carcass weights have increased by about 30% for
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both cattle and chicken from the early 1960's to the
mid-2000s, and by about 20% for pigs (FAO, 2006).

Brazil overtook China, in 2015, as the world’s
second-largest poultry meat producer, staying behind
only from the United States of America. From every
11 kg of poultry exported worldwide, about 4kgcome
from Brazil. The data provided by the Brazilian Institute
of Geography and Statistics (IBGE, 2016) indicate that
Brazilian production reached 13.14 10° tons in 2015,
5.4% more than in 2014 and the highest level ever
recorded in history. Poultry raised by a substantial
number of small and medium Brazilian producers,
approximately 180,000 farms, are supplied mainly to
two major Brazilian multinational companies. According
to the ranking produced by AVISITE, both companies,
BRF S.A. and JBS S.A., slaughtered 2.6 10° chickens in
2014, almost half the country’s total. When we look over
exports, the level is even higher. Together the companies
accounted for about 70% of poultry shipments in 2013
(AVISITE, 2016; REPORTER BRASIL, 2016).

The chicken meat supply chain usually has the
following configuration: breeder, poultry farm,
slaughter house and the final consumer. The challenge
is how to achieve better results, higher production or
productivity per unit, and at the same time, improve
the sustainability of the poultry industry and food
safety. According to Oliveira (2012), the poultry
production chain is considered an industrial system.
These industrial systems through processing plants
(slaughterhouse) are the primary source of chicken
meat for the markets, either domestic or export.

The product/capital/information flow starts from the
producer of the one-day-old chicks at the beginning
of the chain and flows into the consumer markets at
the end of the chain. This flow is bidirectional. In one
direction we have the products that aggregate value
of each actor, and in the opposite direction, we get
feedback with information plus the financial payback
of their operations (Naas, 2015).

In today’s scenario, organizational leaders face
considerable challenges in managing their business
units. Some goals and outcomes mustbe achieved
within competitive markets. Such phenomenon can
be analyzed from various perspectives to accomplish
the expected results. In the present study, the social
network analysis approach will be applied. Social
networks analysis can improve the results of vital areas
of an organization. This perspective allows leaders to
identify critical points of collaboration and weaknesses
in their organizations to control the criticalpoints of
value (Cross & Thomas, 2009). The network process
analysis provides the best insight into how the
relationship between micro and macro interactions
happens. In one way or another, it is through these
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networks that small-scale interaction transforms into
large-scale patterns (Granovetter, 1973).

Interorganizational networks can be made up of
independent companies that are part of a business
network. These networks have asa fundamental
characteristic the preservation of the particularity of
each company in their area, as well as reduce potential
contractual risks that may occur in market transactions
(Lazzarini, 2008). Business networks are constituted
in arrangements formed by different businesses,
maintaining connections and relationships in some
measure among themselves (Zaccarelli et al., 2008;
Borgatti & Li, 2009). More attention should be given to
the most central players considering they have a higher
level of importance and strength within the network
to improve the response and evolution of the broiler
production chain.

The present study aimed to analyze the Brazilian
broiler production chain between 2000 and 2015,
and establish the level of the centrality of each actor
within the chain, considering social network analysis
approach.

MATERIALS AND METHODS

At first, secondary data were obtained with the
objective of increasing the necessary knowledge of
subjects such as chicken meat production chain;
productive processes; data from the Brazilian and
global markets; and social network analysis. Many
reference materials were used, such as books, articles,
and reports, which provided the theoretical basis for
this study. In sequence, an analysis of the variables
that can change as a function of local and global
changes was carried out. Gephi® software was used to
define the levels of the centrality of the actors in the
production chain between 2000 and 2015, considering
the social network analysis approach (Bastian et al.,
2009). The focus of this paper is to present the main
system components and its strength, and how they are
affected bythe market changes.

The supply chain was studied, and the principal
actors were identified as well as its role, products, and
financial return flow. For the present study, secondary
actors such as logistics companies, pharmaceutical
laboratories, genetic industry, equipment, and packa-
ging, were not considered. Although the feed industry
is correlated and supportive, it was considereda central
actor for the reason of accounting more than 66% of
the production cost of live chicken (Canever, 1997,
Martins, 2005; Oliveira, 2012; AVISITE, 2016). The
government has an essential role since it is connected
to all the actors of the productive chain, and has the
attributes to take care of taxation, biosecurity, and



Waker R, Naas |

infrastructure (Canever, 1997). The broiler production
chain is highly structured, and the main actors are
arranged in a vertical integration line (Araujo et al.,
2008; Voila & Triches, 2013). The main players selected
in the broiler production chain were the hatchery, the
broiler farmer, the processing plant, the feed mill, the
market, and the government (Figure 1).

Breeders
(produce fertile eggs)

—— fros

Hatchery
(produces 1 day old pullet}

|

Farmer
(produces broiler in 42 days)

|

Processing plant
(produces broiler meat)

|

Retailer / End consumer
(local and global markets)

Feed Mill
(feedstuff)

Government

Product flow

Feedback and Financial flow

Figure 1 — Simplified scheme of the Brazilian broiler meat supply chain

Interactions were analyzed, identifying the actors
and their relationships. These relationships between
the actors allowed the identification of the weights
of their relations, and are based on the number of
interactions between one actor and another during
the production process. According to Lazzarini (2008),
to map the analyzed network, the concept of groups
was used, defined as a finite set of agents, delimited
by conceptual, theoretical or empirical criteria in which
network measurements are performed. In this case,
the group consists of the seven actors in the chain and
their respective product and financial flows (Table 1).

Social network theory views the broiler chicken meat
production chain as a system containing various actors
and its relationships. The properties of the actors were
adjusted and organized according to their geodesic
structure and their ties according to their strength. The
first step was to apply a layout algorithm (Force Atlas)
to re-position the nodes in the graph to improve its
readability and aesthetics. This algorithm tries to ensure
as few edges cross as possible and it uses the weight of
the ties. The purpose of network analysis is to analyze
this system and their cause-and-effect relationships
(Granovetter, 1973). As suggested by the social
network analysis, links connecting the players within
the system can be represented as discrete events and
categorized interactions, that is, a group of transactions
over a period (Borgatti & Li, 2009). Relationships
that support goods and information flows along the
animal production chain can be represented regarding
network relationships (Gaetano et al., 2013). Data on
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Table 1 - Relationships based on the exchanges of the

leading players of the Brazilian chicken production chain

Relationship between actors

From / to

Type of exchange

Hatchery — Farmer

Hatchery — Government

Farmer — Processing plant

Farmer — Hatchery

Farmer — Government

Farmer — Feed mill

Feed mill — Farmer

Feed mill - Government

Processing plant — Domestic market
Processing plant — Export market
Processing plant — Farmer
Processing plant — Government
Domestic market — Processing plant
Export market — Processing plant
Government — Hatchery
Government — Farmer
Government — Feed mill
Government — Processing plant

Day-old chick (103 ton)
Tax (million US$)
Chicken meat (10°3 ton)
Payment (million US$)
Tax (million US$)
Payment (million US$)
Feed (10°3 ton)

Tax (million US$)
Chicken meat (10°3 ton)
Chicken meat (10°3 ton)
Payment (million US$)
Tax (million US$)
Payment (million US$)
Payment (million US$)
Biosecurity / infrastructure
Biosecurity / infrastructure
Biosecurity / infrastructure
Biosecurity / infrastructure

goods, financial movement and market were retrieved
from published materials (EMBRAPA, 2003; FAO 2006;
UBA, 2008;SINDIRACOES, 2010; SINDIRACOES, 2011;
UBABEF, 2011; SINDIRACOES, 2012;UBABEF, 2012;
FAO 2013; Voila & Triches, 2013; UBABEF, 2013;
CEPEA, 2015; CEPEA, 2016; IBGE, 2016; USDA, 2016).

Four moments were used during the network
analysis period to generate the graphical representation
of the productive chain, done as the step two. The
inter-organizational networks graphs of the broiler
production chainwere obtained from the data of the
actors and their ties in Gephi® software (Bastian et al.,
2009).

Some assumptions were made considering the
increased productivity in poultry production, which
can be observed from three main indicators: 1) The
feed conversion index (@amount of feed, in kg needed
to produce 1 kg of live broiler); 2) The weight and; 3)
The age of the broiler chicken at the time of slaughter.

The mean feed consumed during the grow-out
period was assumed as 1.75 kg of feed for each kg
of weight gain, the broiler is slaughtered with 42
days, and average carcass weight is 2.3 kg (UBABEF,
2011; Costa, 2015). We also assumed an average
tax of 18% applied on all products, and as a return
from the Government, 3% from the taxes are used for
infrastructure and biosecurity. Thus, when we observe
the main links of the broiler production chain, it is
verified that the existing relations between the actors
present differentiated weights, due to the goods and
financial flows between them (Table 2).
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In 2003, the Brazilian poultry industry came into
crisis with the outbreak of bird flu in Asian countries
such as Thailand, Vietnam, China, and in countries of
other continents such as the United States and Canada.
There was also a drop in domestic consumption.
The European countries did not want Brazil to use a
particular type of antibiotic to combat the respiratory
infection of the birds, generating external market
restrictions (Avicultura Industrial, 2006). In the years
2005 to 2006, as a consequence of the outbreak of
avian influenza, there was an average decrease of
7.53% in production for these two-year. In October
2008 there was the impact of the economic crisis, this
fact caused that the year of 2009 had a decrease of
2.7%, thus damaging the production growth. The
year 2010 was marked by the merger of Sadia and
Perdigdo companies, becoming the company Brasil
Foods S.A., which owns 32.3% of the total market. JBS
incorporated Seara and Pilgrim’s and became in 2013
one of the largest chicken meat production companies
in the world (Costa, 2015). Data on significant events
were raisedto verify their influence on the flows
between the actors of the chain (Table 3).

Table 3 - Important events during the analysis of the
Brazilian chicken production chain

Important events

Date Type of event

2003 Avian influenza

2005 Avian influenza

2006 Avian influenza

2008 Economic crisis

2009 Economic crisis

2010 Merger of Sadia and Perdigao
2010 JBS incorporated Seara and Pilgrim’s

In the current study, the operational measurements
of centrality were established using graph theory
with Gephi® software, allowing data visualization
in graphical format (Bastian et al., 2009). The more
centrally positioned in the network, more capacity
this actor has to access other network actors (Borgatti
& Li, 2009). For networks, it is possible to work with
three measures of centrality. In this case, the measure
of centrality degree was used. Equation 1 calculates
centrality degree, which is defined by the number of
direct contacts (or adjacencies) for a particular point p,
(Freeman, 1979).

Table 4 - Poultry productivity index from 1960 to 2010

Structural Attributes Dynamics of the Brazilian Broiler
Production Chain

Colp) = 27:1a<pilpk>

Where C, = Centrality degree; p, = Network node
to be considered; n = Number of nodes; a(p,,p,) = 1 if
p, and p, are connected (number of adjacent nodes),
otherwise, the value is O.

After generating a dataset with the centrality
indicators, RapidMiner® software was used to generate
all the graphical results of the study (Hofmann &
Klinkenberg, 2014). The software was also applied to
show the centrality degree graphically during the 15
years period.

RESULTS AND DISCUSSION

The competitiveness of the poultry production
chain is expressed by impressive productivity gains
in recent years, which resulted in a progressive
decrease in production costs and, consequently, in
the price of poultry meat compared to other meats.
Therefore, chicken meat is currently one of the most
produced and consumed meats in the world (ABPA,
2016; USDA, 2016). The excellent performance of the
broiler production chain in Brazil reflects the process
of industrial restructuring (adoption new forms of
industrial organization on a large scale), technological
changes and improvements in  management
techniques, nutrition and health of the birds occurred
in Brazil since the 1970s. Table 4 presents performance
indicators, and its total variance, per decade for the
period from 1960 to 2010 (UBABEF, 2011).

According to FAO projections, already in the 2020s,
poultry meat production is expected to overcome
the production of pork and beef, thus becoming the
most produced meat type in the world (FAO, 2013).
The fall of the chicken meat price combined with the
increase in the average income of people resulted in
a steady increase in poultry meat consumption in the
world. Also, changes in lifestyle and eating habits of
the world population are also considered as decisive
factors for the consumption increase (Costa, 2015).
Figure 2 shows the evolution of the domestic and
export markets of the Brazilian broiler production
chain in millions of dollars from the years 2000 to
2015. However, poultry meat production for export
has grown significantly in recent decades, most of the

Productivity indicators 1960 1970 1980 1990 2000 2010 1960/2010
Feed conversion (quantity of feed to produce 1kg of meat) 2.25 2.15 2.05 2.00 1.88 1.75 -22.20%
Average live weight (kg) 1.60 1.70 1.80 1.94 2.25 2.30 43.80%
Average slaughter age (days) 56 49 48 47 43 41 -26.80%
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productionis still directed to domestic markets (USDA,
2013).
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Figure 2 —The financial movement of the Brazilian broiler meat production from 2000
to 2015. Domestic market to the processing plant (a), and the export market to the
processing plant (b)

2008 2010 2012 2014 2016

Using regression analysis the value of R? for
the domestic market was 96% in a second order
polynomial trendline, and the export market had
the value of 90%, also in a second order polynomial
trendline, which shows a strong statistical correlation
between the data and the line. The future response of
the production chain should remain with this trend,
considering the productivity improvement of the
players and the chicken meat consumption increase.

From 2000 to 2010 the merger or incorporation
processes made the chicken meat market more
concentrated and dynamic, since the first placed in
2000 had only 11.8% of the market, while the first
one in 2010 had a 32.3% participation of the market
(Costa, 2015). The vertically coordinated system gives
competitive advantages to companiesand is responsible
for the Brazilian achievements in both: the domestic
and export markets (ABEF, 2004). In the upward chain,
all activities are carried out under the command of the
integrative company, with its capital and salaried labor.
There is total control by the integrator (the processing
plant). It operates from the production of feed, chicks,
slaughter, processing, and marketing. This structure of
governance between the farmer and the slaughtering
industry (vertical coordination), characterized by
interdependence, justifies a better distribution of
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appropriate gross value by the processing plant (Arauijo,
2008). Figure 3 shows the networks of the years 2000,
2005, 2010 and 2015.

2000 2005

Domestig market Feeg mil

Hatchery

Figure 3 — Actors and ties in Brazilian broiler meat production: 2000, 2005, 2010
and 2015.

It is possible to visualize that the graphs that
represent the networks from years 2010 and 2015
are quite similar. The closer and thicker the tie
between the players means that they have a stronger
level of relationship. Since 2010, incorporation and
fusion processes make the production chain more
concentrated (Costa, 2015). The centrality degree of a
node is considered essential, and functions as an index
of the potential activity of the node’s flow, considering
the network structure as a whole (Cross & Thomas,
2009). Table 5 presents the indices that were calculated
using the Gephi® software (Bastian et al., 2009).

The more centrally positioned the actor is, the more
capacity this actor will have to access other actors in
the network (Borgatti & Li, 2009). Analyzing Table
5, and considering the normalized centrality degrees
for this network, it is noted that the position of the
Government actor is more central than the position of
the Processing plant and Farmer actors. In other words,
the Government actor has a higher capacity to access,
directly or indirectly, to other actors in the network.
In this sense, the government’s role is to encourage
the chicken meat production not only as a policy of
income and employment generation but mainly as a
food-security policy (BNDES, 2007). The centrality has
three groups of actors at similar levels (Figure 4)

Organizations management, through social network
analysis, can better understand how individual actors
behave, and for that moment, seek better ways to
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Table 5 - Weighted centrality degrees of the Brazilian broiler production chain

Year

Actor

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Export

TR 0.03503 0.04272 0.05034 0.04803 0.04952 0.04698 0.05057 0.04919 0.05327 0.05094 0.04566 0.04838 0.04659 0.04655 0.04616 0.04114

Domestic
market

Processing
plant

Hatchery
Farmer

0.07652 0.07134 0.06825 0.06945 0.06508 0.06674 0.06565 0.06534 0.06239 0.06531 0.06960 0.06496 0.07055 0.07241 0.07711 0.09473

0.17040 0.17463 0.18249 0.18071 0.17574 0.17438 0.17845 0.17572 0.17751 0.17854 0.17682 0.17353 0.18004 0.18320 0.19075 0.21247

0.04699 0.05103 0.05135 0.05517 0.05835 0.06627 0.05601 0.06576 0.05834 0.05352 0.06449 0.05669 0.04910 0.05811 0.05837 0.05538
0.18497 0.17876 0.18535 0.19514 0.19634 0.19770 0.18745 0.19646 0.19413 0.19237 0.19390 0.19355 0.18933 0.19115 0.18796 0.18223
0.28819 0.28927 0.28433 0.28240 0.28363 0.28429 0.28553 0.28482 0.28505 0.28503 0.28520 0.28645 0.28589 0.28487 0.28450 0.28590
0.19790 0.19224 0.17789 0.16910 0.17132 0.16364 0.17632 0.16271 0.16931 0.17429 0.16433 0.17644 0.17850 0.16370 0.15515 0.12815

Government
Feed mill

0.28 0.28

0.23 023
y = 7TE-05x" - 0.0015x* + 0.0093x + 0.1625

R* = 0.89059 <
////

y = 5E-06x" - 0.0003x + 0.0046x + 0.1771
*=0.599

0.18

y =-0.0001x" + 0.0031x* - 0.0236x + 0.2233 ">
0.13 R* = 0.87347 - 0.13

Centrality Degree

0.08 0.08

0.03 0.03
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

—S0vernment Export Market Domestic Market == Processing Plant HAtchery ====Farmer =***Feed Mill

Figure 4 — Centrality degrees of the Brazilian broiler meat production

Social  networks, apparently invisible, are
fundamental to the performance and execution
of the business strategy (Cross & Thomas, 2009).
The analyzed model leads to the centrality of the
network. Through the ties that reach and connect the
organizational structure this model provides individuals
with different access to different information, and due
to this dynamic, some links become more valuable
than others.

use their financial capital to leverage an increase in
operational efficiency of all productive chain (Janhonen
& Johanson, 2010). Using regression analysis the result
of R? for the Processing plant present value of 89%, for
the Farmer value of 60%, and for the Feed mill value of
87%, all of them in a third order polynomial trendline.
The Processing plant actor is accumulating a more
significant rate in centrality during the years, especially
after the year 2010 (mergers and acquisitions). Farmer
and Feed mill actors are decreasing its centrality due
to the increase of the power of the Processing plant.

CONCLUSIONS

According to the trend, the power of the network will
continue to be concentrated in the Processing plant
in the next few years, unless some unexpected event
emerges in the future on the national or international
scenario.

Brazilian poultry production activity has grown
positively in the last five years and has been weakly
influenced by international outbreaks of avian
influenza virus. Even the economic crises that hit the
broiler meat international market were not enough to
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slow production. Over the period 2000 to 2015 the
total growth of the export and domestic markets, was
approximately 800%. The Brazilian broiler meat sector
has a prominent place in the world scenario due to its
high degree of competitiveness and productivity.

Results from the present study showed that the
broilermeatsectorin Brazil hasevolved and consolidated
based on modern and advanced technology. The
model is synergistic, combining high efficiency with a
large capacity of scale production and distribution of
the processing plants. The poultry production industry
is probably one of the Brazilian production chains with
the highest level of coordination, which gives this high
competitiveness in the world market.
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