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ABSTRACT

The problem of animal feeding in the Amazon region has faced significant challenges,
particularly in the poultry industry, where feed costs account for approximately 70% of total
expenses. This problem is aggravated by the dependence on grains, where 100% of feed raw
materials are imported. This reality requires the search for alternative ingredients that reduce
costs and increase profitability. By-products of guarana, an Amazonian fruit of economic and
social importance, emerge as a promising option. Expanding the use of by-products and
agricultural residues as alternative components in animal nutrition can represent an
economically advantageous strategy, since these materials are often abundant and low-cost.
Given the underutilized potential of guarana residues, this project proposes integrating these
by-products into the diet of slow-growing broiler chickens, thereby optimizing nutrient
collection, improving zootechnical performance, and reducing environmental impact,
ultimately promoting more sustainable and economically viable animal production.
Additionally, a literature survey on the management and production of slow-growing broiler
chickens was conducted, along with a systematic review of the primary studies on alternative
feeds in Brazil. It is worth mentioning that before including the by-products in the diet, a survey
of the cellular cytotoxicity and total phenols of guarana and its by-products was conducted, as
well as a survey on the production of guarana in the state of Amazonas, as well as an analysis
of the economic viability of the by-products and a sensory analysis of the breast of slow-
growing broiler chickens. In general terms, the results of this study demonstrate that the
inclusion of guarana by-products in the diets of slow-growing broilers has the potential to
significantly improve bird performance, increasing weight gain, improving feed conversion and
providing a higher carcass yield, with cuts of higher commercial value. Its inclusion has proven
to be economically viable and has achieved excellent acceptability among consumers. The
inclusion of up to 10% guarana by-products in animal diets does not pose a risk of cell damage

or death.

Keywords: Alternative feed; Poultry nutrition; Paulinnia cupanna; Sustainability.



RESUMO

O problema da alimentacdo animal na regido amazonica tem enfrentado desafios significativos,
especialmente na industria avicola, onde os custos com ragdo representam aproximadamente
70% das despesas totais. Esse problema ¢ agravado pela dependéncia de graos, onde 100% das
matérias-primas para ragdo sdo importadas. Essa realidade exige a busca por ingredientes
alternativos que reduzam custos e aumentem a lucratividade. Os subprodutos do guarana, uma
fruta amazonica de importancia econdmica e social, surgem como uma op¢ao promissora.
Ampliar o uso de subprodutos e residuos agricolas como componentes alternativos na nutri¢ao
animal pode representar uma estratégia economicamente vantajosa, visto que esses materiais
sao frequentemente abundantes e de baixo custo. Dado o potencial subutilizado dos residuos do
guarand, essa tese propde a integracdo desses subprodutos na dieta de frangos de corte de
crescimento lento, visando otimizar a absor¢do de nutrientes, melhorar o desempenho
zootécnico e reduzir o impacto ambiental, promovendo uma produ¢ao animal mais sustentavel
e economicamente viavel. Além disso, foi realizado um levantamento de literatura sobre o
manejo e producdo de frangos de corte de crescimento lento, € uma revisao sistematica sobre
os principais estudos com alimentos alternativos no Brasil. Vale salientar que antes de incluir
os subprodutos na dieta, foi realizado um estudo sobre a citotoxidade celular e fenois totais do
guarana e seus subprodutos, e um levantamento sobre a producdo de guarand no estado do
Amazonas, assim como a analise de viabilidade econdmica dos subprodutos e andlise sensorial
do peito dos frangos de corte de crescimento lento. Em termos gerais, os resultados deste estudo
demonstram que a inclusdo de subprodutos do guarand nas ragdes para frangos de corte de
crescimento lento tem o potencial de melhorar significativamente o desempenho das aves,
aumentando o ganho de peso, melhorando a conversdo alimentar e proporcionando um
rendimento de carcaga superior, com cortes de maior valor comercial, sua inclusdo demonstrou
ser viavel economicamente e obteve excelente aceitabilidade pelos consumidores, e a inclusao
de até 10% dos subprodutos do guarana nas dietas de animais nao possui risco de danos ou

morte celular.

Palavras-chave: Alimento alternativo; Nutri¢ao avicola; Paulinnia cupanna, Sustentabilidade
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ORGANIZATION OF THE THESIS

This thesis was developed between 2021 and 2025, comprising 9 interconnected
chapters that integrate research and practical applications. Each stage is explored
comprehensively, covering everything from poultry management and production, a survey of
guarana production in the Amazon, characterization of guarana and its by-products, efficacy
tests of guarana by-products in animal nutrition, economic and sensory analysis, and
culminating in a booklet that summarizes alternative ingredients for sustainable poultry
farming. Chapter 1 consists of a literature review on the management and production of slow-
growing broiler chickens, which was adapted into a book chapter and subsequently published.
Chapter 2 presents a systematic review on by-products used as alternative feeds in Brazilian
poultry farming, published in the World's Poultry Science Journal (accepted for publication;
impact factor: 3.9).

Chapter 3 addresses an econometric and market analysis of the guarana production chain
in Amazonas; the manuscript was submitted to Innovation and Development (under evaluation;
impact factor: 1.4). Chapter 4 discusses data on total phenols and cellular cytotoxicity of
guarana and its byproducts; it was submitted to the journal ACS Food Science & Technology
(impact factor: 2.8). Chapter 5 describes a field experiment that tested inclusion levels of
guarana bark on performance, carcass yield, serum biochemistry, and meat quality of slow-
growing chickens; published in Animal Production Science (impact factor: 1.2). Chapter 6
describes a field experiment that tested inclusion levels of guarana cake on performance, carcass
yield, physiological analyses, and meat quality of slow-growing chickens; submitted to Animal
Production Science (under evaluation; impact factor: 1.2).

Chapter 7 addresses the growth performance and economic viability of guarana by-
products in diets for slow-growing broilers. The Brazilian Journal of Poultry Science published
the article (impact factor: 1.1). Chapter 8 deals with data on the sensory analysis of broilers fed
with guarana by-products. The article was submitted to Food Science and Technology (impact
factor: 2.6). Chapter 9 is a primer, which provides a compilation of information on the use of
alternative feeds for poultry farming in the Amazon. The primer is written in simple language
and follows a didactic sequence, primarily aimed at small producers. The chapters follow the
general structure of the thesis, with formatting adapted according to the guidelines of the
scientific journals to which each work was submitted. The diversity of formats reflects the

specific standards of each publication, maintaining academic rigor and methodological clarity
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INTRODUCTION

Brazilian agribusiness has made significant progress since the mid-20th century,
transforming production potential into food security through productivity gains (ABEF, 2021).
The broiler chain stands out for its efficiency and leadership in exports (Schmidt & Silva, 2018),
with production of 14.833 million tons in 2023 (ABPA, 2024). It has become one of the most
consumed chicken meats worldwide (Guimaraes et al., 2017), with production highlighted in
large-scale systems that serve several markets (Silva et al., 2015). This success is attributed to
technological advances, better feed conversion, genetics, and an efficient research and
development system (Schmidt & Silva, 2018; Tremea & Silva, 2020). Its popularity is attributed
to its high nutritional value, accessibility, and growing consumer preference for white meat
(Vannier et al., 2022).

At the same time, alternative poultry farming represents an essential segment on
Brazilian rural properties, providing value-added products (Silva et al., 2015). In the state of
Amazonas, alternative poultry farming plays a significant role in the state's economy, offering
sustainable production with social and agroecological appeal (Cruz et al., 2016), while
promoting animal welfare (Lima et al., 2019; Ribeiro et al., 2022). This production system is
consolidating, with a promising market (Raimundo et al., 2018) and is associated with Family
Farming because it requires low investment, allows for simplified management, and provides
quality protein (Cruz et al., 2013; Raimundo et al., 2018). These birds offer valuable sensory
attributes (Morais et al., 2015) and improved climate adaptation compared to conventional
production systems.

These systems can be economically viable for small farmers, contributing to income
diversification and food security (Lima et al., 2019). However, profitability requires careful
planning and management of production costs (Silva et al., 2019; Inécio et al., 2018), mainly
due to the economic challenge of production costs, especially feed (Valentim et al., 2021; Cruz
etal., 2016).

The problem of animal feed in the Amazon region has faced significant challenges,
especially in the poultry industry, where feed costs account for approximately 70% of total
expenses (Cruz et al., 2016). This problem is aggravated by the dependence on grains (De Souza
etal., 2024), where 100% of feed raw materials are imported (Cruz et al., 2016; Valentim et al.,
2021). This reality requires the search for alternative ingredients that reduce costs and increase
profitability (Klinger et al., 2020). Research suggests that the use of local alternative ingredients

can reduce production costs and promote sustainability in poultry farming (De Souza et al.,
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2024).

Agroindustrial by-products emerge as a strategic alternative for partially replacing corn
and soybean meal (Ferreira et al., 2019; Gouveia et al., 2019), necessitating an evaluation of
their nutritional efficiency (Santos et al., 2020). Previous studies have shown that such
ingredients can reduce costs and improve meat quality without compromising performance
(Gouveia et al., 2019). And by-products of guarana, an Amazonian fruit of economic and social
importance (Ferreira et al., 2022), emerge as a promising option.

Guarana has become an essential raw material, with 70% destined for the production of
soft drinks and energy drinks, while the remaining 30% is directed towards consumption in its
natural form or processed by the nutraceutical and dermocosmetic industries (Schimpl et al.,
2013; da Silva et al., 2017). Its dry seeds are rich in caffeine (2.41%-5.07%), theophylline
(0.06%), theobromine (0.03%), total tannins (5.0%-14.1%), proteins (7.0%-8.0%),
polysaccharides (30%-47%), sugars (6.0%-8.0%), fibers (3.0%), fatty acids (0.16%), total ash
(1.06%-2.88%) and moisture (4.3%-10.5%) (Marques et al., 2019; Schimpl et al., 2013).

Brazil is the only country in the world that produces commercial guarana (EMBRAPA,
1995). In 2022, the state of Amazonas ranked second in the national production ranking, with
686 tons (CONAB, 2023). In this scenario, due to the high volume of guarana production, a
substantial amount of waste is consequently generated (Stevens et al., 2018), the improper
disposal of which poses a serious environmental problem (Coppola et al., 2021). Expanding the
use of agricultural by-products and waste as alternative components in animal nutrition can
represent an economically advantageous strategy, since these materials are often abundant and
low-cost (Van Hal et al., 2019), in addition to transforming residual materials into high-quality
nutritional products to serve as ingredients in feed formulations (Batalha et al., 2017).

However, despite the nutritional and economic advantages of agro-industrial waste
derived from native Amazonian species (Chaves et al., 2024), strategies are needed to make
better use of these resources (Gomes et al., 2017). In this context, given the underutilized
potential of guarana waste, this project proposes integrating these by-products into the diet of
slow-growing broiler chickens, aiming to optimize nutrient absorption, improve zootechnical
performance and reduce environmental impact, promoting more sustainable and economically

viable animal production.
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OBJECTIVES

General Objective
Evaluate the effects of including guarana by-products (shell bran and cake bran) in diets for

slow-growing broiler chickens.

Specific Objectives

1. Conduct a literature review on the management and production of slow-growing broiler;

2. Systematically review the scientific evidence on the inclusion of alternative feeds in

poultry nutrition in Brazil;

3. Assess the structure of the guarana value chain in the state of Amazonas, mapping its

geographic distribution across microregions and applying econometric tools to analyze its

production dynamics;

4. Evaluate the cytotoxicity, antioxidant activity, and total phenolic content of different

guarana derivatives (powder, peel, pulp, and shell) to assess their safety and potential

functional properties for application in animal nutrition;

5. Investigate the impacts of Paullinia cupana peel meal (PCPM) on the growth

performance, meat quality, and hematological and serum biochemical parameters of slow-

growing broilers;

6. Analyze the effects of Paullinia cupana pulp meal (PCPUM) on the performance,

physiological parameters, and meat quality of slow-growing broilers;

7. Evaluate the growth performance and economic feasibility of slow-growing broilers fe

diets containing increased levels of guarana by-products;

8. Investigate the effect of the inclusion of guarana by-products in diets of slow-growing

broilers on the centesimal composition and sensory properties of the meat;

9. Develop a practical manual with alternative foods that can be used for poultry nutrition,
using simple language to help small rural producers adopt these alternative foods and

facilitate their application in everyday life.
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INTRODUCTION

In Brazil, poultry farming has become a significant and expanding economic activity in
the market (Cielo et al. 2019). Within this sector, the production of slow-growing broilers has
emerged as a promising choice for meat production in alternative systems. This model not only
adds value to the product but also caters to a portion of the population that prioritizes animal
welfare and the quality of the animal protein consumed, benefiting both small and medium-
sized producers (Delgado and Bergamasco 2017), while not directly competing with fast-
growing broilers used in industrial production systems (Aratjo et al. 2011).

The production of slow-growing broilers in alternative systems represents only 3% of
the Brazilian poultry market, with great growth potential (Del Castilho et al. 2013; Albino et al.
2014). This 1s not a large-scale practice (Almeida et al. 2013), being closely linked to family
farming due to the low required investment, simple management, use of family labor,
generation of supplemental income, and the provision of high-quality protein at a low cost (Cruz
etal. 2013).

In this context, family farming plays an essential role in food security by preserving
traditional knowledge in food production and managing natural resources sustainably.

Furthermore, this production model fosters the local economy (FAO 2014) and contributes to
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retaining the population in rural areas (Cruz et al. 2013). It generates income for small
producers, provides inputs for other crops, utilizes waste from agricultural crops, fruits, and
vegetables, and serves consumers who value the origin of the products they consume (Cielo et
al. 2019).

The main advantages of this system include easy management and low need for
advanced technologies. However, it is crucial that producers adopt basic practices, from animal
welfare to food safety, at the end of the chain (Santos et al., 2020). In Brazil, alternative systems
of poultry farming began with the regulation of caipira poultry farming through Circular Letter
No. 007/99 from the Division of Industrial Operations of the Department of Inspection of
Animal-Origin Products, Ministry of Agriculture and Supply (Brazil 1999).

In these alternative production models, the operation can be either intensive or
extensive, without limitations regarding the breeds used (Chagas 2010). It is divided into two
main categories: "backyard free-range" characterized by extensive and minimally technician
farming, aimed at self-consumption, with low productivity, lack of reproductive control, and
entirely farm-based production cycles, and "commercial free-range," which involves semi-
intensive farming with greater specialization and technification, using improved breeds for
higher productivity in these systems, with a focus on medium-scale commercialization

(Albuquerque; Reis 2022).

Brief history of domestic poultry

Archaeological studies show that the first domestic poultry (Gallus gallus domesticus)
appeared in Asia, specifically in China, around 5,400 B.C. (Hirst 2019). The domestication of
these birds began around 3,200 B.C., with two main purposes: For ornamentation and
cockfighting. Birds that did not meet these uses were slaughtered for consumption. In the 16th
century, cockfighting became popular in Europe, and breeders became very demanding
regarding the strength and aggressiveness of the birds. With the banning of cockfighting in the
19th century, Europeans sought new ways to value these birds, leading to exhibitions that
awarded the most attractive birds in terms of plumage, size, and the shape of combs and wattles.
This period marked the beginning of the interest in exploiting these birds and, eventually, the
development of poultry production (Gessulli 1999).

Redneck birds, originating from various parts of the world, were introduced to Brazil
during the period of discovery (EMBRAPA 2007). These birds were raised freely around
houses and fed primarily on food scraps and insects (Barbosa et al. 2007; Chagas 2010). For
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centuries, these birds played a significant role in Brazilian rural culture, accompanying the
evolution of the Brazilian population (Tavares and Ribeiro 2007; Santana et al. 2020).

Genetically, domestic poultry originated from four distinct genealogical branches:
American, Mediterranean, English, and Asian (Englert 1998). They descend from up to four
main species of wild fowl (Jungle Fowl): Gallus sonnerati (Grey Jungle Fowl), Gallus gallus
(Red Jungle Fowl), Gallus lafayettei (Ceylon Jungle Fowl), and Gallus varius (Green Jungle
Fowl) (Moiseyeva et al. 2003).

Phylogenetic research indicates that the Red Jungle Fowl, originating from Southeast
Asia, appears to be the closest ancestral species to modern poultry (Tixier-Boichard et al. 2011).
Through various crossbreeding, including inbreeding, current poultry maintain similarities with
the main ancestral breeds, reflected in their plumage, build and abilities (Barbosa 2007).

In Brazil, native poultry breeds are limited to small groups in backyard farms. This
scenario is primarily the result of the replacement of these breeds by specialized industrial
breeds, which occurred during the expansion of industrial poultry farming in the country,
especially from the 1970s onwards (Moiseyeva et al. 2003; Barbosa et al. 2007; Tavares and
Ribeiro 2007). Redneck breeds are known for their slow growth, being slaughtered at around
two to six months, and when directed for laying, producing about 180 eggs per cycle
(Figueiredo et al. 2008). They also stand out for their high adaptability to different regions and

climates of Brazil and being less susceptible to diseases (Carvalho et al. 2020).

Main breeds or strains

Before addressing the main redneck breeds or strains, it is essential to clarify the
difference between breeds and strains, with strains referring to the result of crossbreeding
between two breeds or varieties. Redneck strains are known for their hardiness and for having
higher productivity rates compared to traditional redneck breeds. However, they grow slower
than commercial strains (Figueiredo et al. 2008). On the other hand, redneck breeds were
developed to better adapt to redneck rearing systems, aiming to increase production and offer
consumers products with specific characteristics in terms of taste and meat quality (Galvao
Junior et al. 2010).

For an entrepreneur in the poultry sector, the main concern when starting the business
is to choose the breed or strain that best suits the type of poultry farming they wish to implement.
This choice is not simple, as there are many options, each with its own advantages and

disadvantages. The decision should consider the available infrastructure, financial resources,
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available labor, the type of marketing of products and by-products, and, eventually, the option
of subsistence farming (EMBRAPA 2007).

The main redneck or colonial breeds, as described by Cavalcanti (2019), are:

e Gigante Negro de Jersey (Jersey Black Giant)

The breed developed in New Jersey around the 1800s was
created to meet the high demand for heavy chickens for broiler
production destined for the New York market. There are two varieties
of this breed, black and white, which are primarily used for meat. These
birds are large, have a serrated comb and yellow skin, and produce

brown-shelled eggs. The meat tends to have dark pigmentation due to

the pigments in the legs that spread to the meat. The plumage is black,
and the skin is yellow, with dual-purpose suitability for meat and eggs.
It is the heaviest American breed, but it has some depreciation due to
the dark pigmentation in the skin. Adult males weigh an average of
5.902 kg, and females 4.540 kg. The hens produce about 180 eggs in

the first laying cycle, with an average weight of 60g.

e Rhode Island Red

Originating from the United States, the Rhode Island Red is a
medium-sized breed producing meat and eggs. These birds have bright
red plumage, a wide, long, deep body, and a medium-sized serrated
comb. The body is robust, with brown plumage and black feathers on
the tail, neck, and wings. Recently, this variety has been widely used to
N produce sexable hybrids based on color. The presence of a white or light
"‘ spot on the wings of male chicks and its absence in female chicks allows

for the identification of sexes with an accuracy rate of 80-90% right

after hatching. Additionally, by crossing a rooster of this breed
(genetically "gold" or non-barred) with hens that are genetically "silver"
or barred, it is possible to distinguish the sex of the chicks by the color
of their down. Many commercial laying hybrids result from
crossbreeding between Rhode Island Red and Barred Plymouth Rock,

producing many brown-shelled eggs.
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e New Hampshire

The New Hampshire breed, also of American origin, is known
for its hardiness and light brown plumage. This breed, which has yellow
. skin and produces brown-shelled eggs, was initially bred for broiler
roduction but was later used in crossbreeding with other meat breeds.
Currently, few breeders are still focused on this breed. New Hampshire
played an important role in developing modern broiler hybrids due to
its ability to produce many eggs with a high hatch rate. Similar to Rhode
Island Red, the presence of a white or light spot on the wings of male
chicks and its absence in females allows for sex identification with 80—
90% accuracy right after hatching. When fully grown, males weigh an
average of 3.632 kg and females 2.951 kg. The hens produce an average
of 220 eggs in the first laying cycle, weighing 55g.

e Plymouth Rock Barred

The birds of this variety have feathers with white and black
crossbars, giving them a gray appearance. The barred gene, which is
sex-linked, influences the dosage of melanin, resulting in visual
differences between males and females. Additionally, the black
pigmentation on the females' toes ends abruptly, leaving the tip of each
toe yellow. In contrast, the males have more irregular white spots on
their heads and a less contrasting transition in the black color of their
feet. These color pattern differences between the sexes vary among the

breed's lines, requiring adjustments for accurate chick sexing. With the

growing preference for white-shelled eggs, the popularity of this breed
has declined. It is currently more commonly used as a female line in
crossbreeding with Rhode Island Red roosters to produce autosexing
chicks that, when grown, produce brown-shelled eggs. This type of
crossbreeding has increased the breed's popularity.
® Sussex
Sussex is an English breed predominantly dual-purpose. It has a
serrated comb, white skin, and brown-shelled eggs. The varieties
include speckled, red, and white (light), with Light Sussex being the

most popular. This breed i1s a good meat producer. In some European




e Orpington

e Cornish
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countries, white-skinned chickens are preferred. When fully grown,
males weigh an average of 4.086 kg and females 3.178 kg. The hens
produce an average of 180 eggs in the first laying cycle, weighing 55g.

Developed in England in the 1880s, the Orpington breed serves
dual purposes (meat and eggs). It comes in black, yellow, white and
blue varieties. These birds have a serrated comb, white skin, and brown-
shelled eggs. When fully grown, males weigh an average of 4.540 kg
and females 3.632 kg. The hens produce an average of 160 brown-
shelled eggs, with an average weight of 55g.

The Cornish is an English meat breed with red, black, yellow

and white varieties. It has a pea comb and yellow skin and produces
brown-shelled eggs. It has a body structure different from other breeds,
with shorter legs and a muscular chest. The meat production capabilities
are highly valued in this breed, and it is commonly used in
crossbreeding with hens of breeds such as Plymouth Rock Barred,
Plymouth Rock White, New Hampshire, and hybrid lines. However, it
produces few eggs, which are small in size and have low hatchability.
When fully grown, males weigh an average of 4.086 kg and females
3.178 kg. The hens produce an average of 80 eggs in the first laying
cycle, weighing 50g.
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For the production of redneck broilers, the following lines are available on the market:
e Cainira Pescoco Pelado (Naked neck redneck)

This strain consists of hardy, easy-to-manage birds with red
plumage and bare necks. The colors of the birds can vary between red,
white, black, or brindle. They are ready for slaughter between 60 and
70 days of age, and the hens reach sexual maturity between 22 and 25
weeks, producing about 150 to 180 eggs per year. The egg production

is relatively low, indicating that this line mainly focuses on meat
production. Desired targets: weight of 1.90 kg at 63 days of age, with a
feed consumption of 4.42 kg.

e Caipira Pesadio (Heavy redneck)

A rustic bird with red plumage and black tail feathers. It has
proven productive efficiency and is well-received for sale at local
markets. It offers excellent feed conversion and great meat yield after
slaughter. The line is known for its good cut yield and weight gain,
reaching up to 2.4 kg in around 56-68 days. It has good acceptability,

adaptability to environmental conditions, and hardiness. Birds can

achieve weights exceeding 4 kg.

e Caipira Pesadao Misto Label Rouge (Mixed Label Rouge heavy redneck)

o .

B This slow-growing bird is raised exclusively for slaughter,
5 which can occur at 49 days with a weight of 2.00 kg, or at 63 days with
a weight of 2.76 kg, consuming 4.10 kg and 6.46 kg of feed,
i respectively. Fed with balanced feed for broilers and raised outdoors,
this line maintains the traditional characteristics of redneck chicken,

producing firm and flavorful meat similar to the taste of game meat.
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e Caipira Pesadio Paraiso Pedrés (Paraiso Pedrés heavy caipira)

Developed through crossbreeding various rustic breeds, this bird
can reach 2.00 kg in 50 days or 2.35 kg in 56 days, consuming 4.28 kg
and 5.43 kg of feed, respectively.

These yellow-colored birds are produced from crossbreeding
?””4 dual-purpose (mixed) breeds. They can be slaughtered at 2.055 kg at 77
- o == days or 2.445 kg at 91 days, consuming 6.202 kg and 7.89 kg of feed,

respectively.

Production systems

According to Melo and Voltolini (2019), the rearing systems for these birds include
intensive, free-range (or extensive), and semi-extensive (partially free-range or part of the
rearing cycle). The region's extensive and semi-extensive systems are the most commonly used
for rearing adapted chickens. In the intensive system, the birds are kept in total confinement in
closed barns, which is more typical of other regions and larger-scale productions, making it
financially unfeasible for family farmers, especially due to local climatic conditions. In family
farming, extensive and semi-extensive systems are preferred, where various materials can be
used for building fences and poultry facilities, as long as they meet the minimum requirements
for proper rearing of the birds.

In Brazil, the legislation for alternative poultry production, free-range, capoeira, or
colonial production, is based on Normative Instruction No. 007, dated May 17, 1999 (Brasil
1999), which guides producers who wish to regulate alternative poultry production. According
to this norm, some measures must be followed: the producer should not use animal-derived
ingredients in the feed, the stocking density should be 7 birds/m? in the covered area and at least
Im? for 4 or 5 birds in the pasture area. Additionally, the birds must stay in the rearing
environment for at least 85 days before slaughter. Organic poultry production must follow Law
No. 10.831, published in December 2003, regulated by Decree No. 6.323 of December 27, 2007
(Brasil 2007).

Within the free-range style poultry rearing systems, we can find the following

designations:
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e Green chicken system: The term "green chicken" generally refers to chickens raised
sustainably and ecologically, with an emphasis on animal welfare and environmentally
responsible production. These chickens are fed with antibiotic-free and hormone-free feed,
often raised outdoors, which allows for more natural and healthy growth. The goal is to offer a
high-quality product with better taste and nutritional value while minimizing environmental
impact and promoting more sustainable agricultural practices. Green chicken is an increasingly
popular choice among consumers concerned with health and sustainability.

o Free-range system: The free-range or colonial poultry rearing system is a traditional
method that favors rearing in conditions closer to the natural environment. The birds are kept
free-range, with access to pasture and natural foods such as insects and grains, supplemented
by balanced feed. This system is characterized by simpler and less intensive management,
allowing the birds to exhibit natural behaviors, contributing to animal welfare. The result is
meat with a distinctive flavor, appreciated texture, and quality, and it is a practice that values
local culture and sustainability, often associated with organic production and environmental
respect.

e Organic system: In the organic production system, the use of growth promoters is
prohibited. The diet consists exclusively of grains and vegetables grown organically, meaning
without the use of chemical pesticides and fertilizers. For commercialization, the products must
have certification from the Ministry of Agriculture, Livestock, and Supply (MAPA) and
accreditation from the National Institute of Metrology, Standardization, and Industrial Quality
(INMETRO), ensuring that the production process follows organic production standards
(MAPA 2008). To obtain certification, producers must hire a certifying agency approved by
MAPA and accredited by INMETRO, characterizing the Certification by Audit System.

There are two more accessible ways for small producers to obtain organic certification:

a) Participatory Guarantee System (SPG): This system involves collective
production, where groups or associations register with MAPA and commit to producing
organically, with commercialization restricted to fairs.

b) Social Control of Direct Sales: Aimed at family farming, where certification is not
mandatory if the producer is associated with a social organization registered with an official

inspection body.

General management
To practice poultry farming, the producer needs to invest in appropriate infrastructure

to facilitate chicken rearing. According to Barbosa et al. (2007), Chagas (2010), and Raimundo



36

et al. (2018), this involves:

a) Facilities: When birds are kept free-range, various problems may arise, but proper
facilities can mitigate them. With them, the producer can better control hygiene and sanitation,
prevent diseases, protect the birds from predators, and ensure good egg production, all essential
factors for successful rearing.

b) Site selection: It is recommended that the chicken coop be built close to the
producer’s house. The site should be dry, well-ventilated, and with minimal slope to avoid water
puddles. It is important for the area to have vegetation, such as brushwood, and preferably trees
for shading. This vegetation will be a favorable habitat for insects and worms, which will serve
as a supplementary protein source for the birds. The ideal orientation for the poultry house is
east-west. This way, the sun crosses the building through the highest part of the roof, avoiding
an increase in internal temperature during the warmer periods of the year.

¢) Fencing: To better control the flock, a fence around the chicken coop, with the area
depending on the number of birds, is necessary. Inside the fenced area, there should be space
for fruit trees or other trees that provide shade and bird protection. Ideally, there should be two
separate pens to allow rotation of the birds, facilitate management and periodic cleaning of the

unused coop, and allow vegetation to rest.

Figure 1. Correct orientation for constructing the poultry house in a fenced environment.

d) Perches: Perches, where the birds sleep, should be built securely and without risks
of injuring the birds' feet, preferably at the back of the coop, which is more isolated. Perch rows
should be spaced about 40 cm apart. The height of the perches can vary between 40 and 60 cm
from the floor, with a width of 5 cm and a height of 2 cm.

e) Nests: It is recommended that nests be made of wood and measure 30 cm in width,
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height, and depth. They should be placed on wooden stands 50 cm above the floor, with a perch
10 cm from the nest entrance to facilitate bird access. Each nest should accommodate a
maximum of four hens and be located in the darker parts of the coop to prevent the birds from
staying in the nest when not laying eggs.

f) Nest bedding: Corn straw, wood shavings, or dry grass can be used to cover the nests
as long as proper hygiene and sanitation are maintained.

g) Feeders: Feeders can be made from galvanized sheet metal or PVC pipes four to six
inches in diameter, cut longitudinally with end barriers. Alternatively, they can be made from
wood, with dimensions of 10 cm in height and 15 cm in width.

h) Drinkers: Drinkers can be made like the feeders, using galvanized sheet metal or
PVC pipes four to six inches in diameter, cut longitudinally with end barriers. Any other
waterproof material can also be used.

i) Feeding: The feed should be balanced to meet the birds' nutritional needs. Other types
of food can be replaced, depending on the property's availability. It is crucial to follow each
step of the poultry management process in family farms to ensure good control of growth and

health in the coop, thus achieving the desired results.
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Abstract

Brazil is the world leader in poultry production but faces high feed costs, which account for up
to 75% of the sector's expenditure. Agro-industrial byproducts are sustainable alternatives
because they are affordable and rich in nutrients. This study seeks to systematically review the
scientific evidence on the inclusion of alternative feeds in poultry nutrition in Brazil. The
searches were conducted in the Scopus, Web of Science, Scielo and PubMed databases,
resulting in 187 studies, of which only 28 were considered adequate. The highest percentage of
studies is concentrated in the north region at 53.6%, the south region at 21.4%, the northeast at
17.9% and the central-west region at 7.1%. The agro-industrial by-products analyzed, such as
babassu pie and Guarana peel meal, have relevant nutritional value, standing out for their high
content of gross energy, proteins, fibers and minerals. Cassava starch by-products and tambaqui
waste biological silage meal showed high digestibility; tucuma meal had the highest triglyceride
concentration (266.91 mg dL-1) with 1.77% inclusion. Guarana peel meal and fish waste oil

showed reducing effects on the lipid profile at higher inclusion levels. Agro-industrial by-
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products have great potential as alternative ingredients in poultry diets, but their application
must be carefully adjusted to maximize benefits and avoid negative impacts on bird
performance.

Keywords: Agro-industrial by-products; Circular economy; Digestibility; Performance;

Poultry Farm.

INTRODUCTION

Brazil has become a global leader in poultry production and exports (Tremea; Silva,
2020). The country is the world's largest exporter of chicken meat and the third-largest producer
worldwide (Piccolo et al., 2024). This success is attributed to technological advances, improved
feed conversion, and genetics of the animals (Tremea; Silva, 2020). The poultry sector has been
growing, driven by public policies since the 1970s, with egg production projected to reach 56
billion units by 2024 (Piccolo et al., 2024). The global relevance of these products is due to
consumer preference for their practicality, nutritional value and wide availability as a protein
source. However, the factor that most contribute to this preference is the favorable cost-benefit
ratio, making these products competitive compared to other protein sources of animal origin
(Maquiné et al., 2024; Santos et al., 2024; Guimaraes et al., 2025).

A statistical forecast suggests a 35.14% expansion in egg production from 2022 to 2030
(Junior et al., 2023). Despite these advances, feed represents approximately 75% of costs in the
poultry industry, with corn and soybean meal being the main ingredients in the diets (Sanches
et al., 2023). However, fluctuating prices, competition with other crops, and growing human
demand make it necessary to seek feed alternatives that reduce costs without compromising the
poultry's nutritional quality and production efficiency (Malhado et al., 2021). In this context,
the use of agro-industrial byproducts emerges as a viable and sustainable solution to mitigate
high costs and reduce dependence on traditional ingredients (Aguilar-Rivera & Debernardi-
Vazquez, 2018; Almaraz-Sanchez et al., 2022 ).

Brazil, due to its vast agro-industrial production, generates significant volumes of by-
products that are often discarded due to lack of knowledge about their possibilities for reuse
(Siqueira et al., 2022; Nascimento Filho; Franco, 2015). It’s come from the processing of
cereals, fruits, vegetables and products of animal origin, produced at different stages of the
production chain, from harvesting to storage and distribution. (Sharma et al., 2020; Gaur et al.,
2020). The growth in fruit production in 2023 increased the generation of by-products in the
country (Lazzari et al., 2021). These by-products are particularly relevant due to their low cost,

wide availability and richness in bioactive compounds, being an excellent nutritional source for
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poultry (Correddu et al., 2020).

The processing of animals such as fish, cattle and pigs generates large quantities of by-
products, corresponding to approximately 45%, 38% and 20% of the live weight of these
animals, respectively. These by-products, which include heads, viscera, bones and scales, can
be reused for several specific situations (Corioletti et al., 2022; Limeneh et al., 2022). The
composition of these wastes varies according to the animal species; the use of these byproducts
in animal feed has a double benefit: it promotes the valorization of waste that would otherwise
be discarded and provides an alternative source of nutrients, contributing to the circular
economy in the agro-industrial sector (Vastolo et al., 2022).

Including by-products in animal feed has proven to be a promising strategy (Sasu et al.,
2014; Stefanello et al., 2019), numerous studies have been carried out on the reuse of by-
products as alternative ingredients in poultry farming (Santos et al., 2024; Silva et al., 2015;
Costa et al., 2018; Guimaraes et al. 2025) and have shown that these by-products can be
incorporated into poultry diets with a double benefit: significant reduction in production costs
and maintenance of zootechnical performance (Falcone et al., 2020; Tripathi et al., 2019).

However, it is necessary to consider factors such as seasonality, nutrient distribution,
and possible variations in the composition of byproducts (Salami et al., 2019; Halmemies et al.,
2018). Depending on the type of byproduct used, adjustments in the feed formulation are
essential to ensure adequate nutritional balance and avoid negative impacts on bird performance
(Gouveia et al., 2020). This approach reduces production costs and develops a resilient poultry
industry that is less dependent on conventional ingredients (Georganas et al., 2023; Gouveia et
al., 2020). Considering the current scenario and the growth prospects for poultry production, it
1s essential to review and compile scientific evidence that supports the inclusion of byproducts
in poultry diets. This study seeks to systematically review the scientific evidence on the

inclusion of alternative feeds in poultry nutrition in Brazil.

MATERIALS AND METHODS
The authors (Santos, A. N. A. and Oliveira, A. T.) performed the Systematic Review in
four sequential stages: study selection criteria, focus question, information sources and data

curation and risk of bias assessment.

Study selection criteria

The first stage of the search was a preliminary selection and independent identification
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of abstracts and titles of articles. Abstracts were removed when the articles did not present

associations between poultry farming, agro-industrial waste and alternative feed.

Focus question

The central question was formulated according to the population, intervention, control
and observation (PICO) method and the following question was formulated: "What are the
primary sources of used as alternative ingredients in poultry feed?

To answer this question, the following secondary questions were formulated:

(a) In which regions of Brazil are the primary studies on the subject?

(b) What are the nutritional and productive benefits of including alternative feeds in
poultry diets?

(c) How does including these alternative feeds affect the digestibility and productive
performance parameters such as meat and eggs?

(d) How does the addition of alternative feeds to the diet influence biochemical

parameters?

Information sources and data curation

The research was carried out on the Web of Science, Scopus, Scielo and PubMed
platforms in October 2024. Three “Research Components” were defined:

e Search component 1 (SC1)

— “poultry farming” OR “broiler chickens” OR “laying hens” OR “Gallus gallus
domesticus”

e Search component 2 (SC2)

— “fruit peel” OR “‘agro-industrial residue” OR “alternative feed” OR “fruit exhaustion”

e Search component 3 (SC3)

— "poultry nutrition" OR "chicken feed" OR "balanced feed" OR "Brazil"

After selecting the search component, the boolean operator "AND" was used to cross-
combine SCI1, SC2, and SC3 and obtain results. The search was limited to english articles
published between 2013 and 2025. Editorials, letters, reviews, mini-reviews and theses were
excluded. Subsequently, the articles selected from an initial reading of the titles and after
reading the abstracts were imported and read in full, with all relevant data extracted and entered
into a microsoft excel spreadsheet for evaluation supports the results with the preferred

reporting items for systematic review and meta-analyses (PRISMA) (Page et al., 2021).
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Risk of bias assessment
Possible sources of bias include the inclusion/exclusion criteria, the database chosen,

the date, the language, the number of articles and the types of articles selected for this study.

RESULTS

Literature Search
In the initial identification phase, 187 scientific articles were found in the databases, 6

in Scopus and 181 in Web of Science. Searches were also carried out in the Scielo and PubMed
databases, but no relevant articles were found (Figure 1). Of these 187 articles, 7 were
duplicated or triplicated and were immediately excluded, resulting in 180 remaining articles.
These were analyzed in the second stage (screening) regarding titles and keywords, 72 articles
were excluded because they needed to contain the search components before reading the
abstracts. Articles presenting information about other animals and countries not part of the study
were also excluded from this stage (n= 25).

The remaining articles (n= 83) were thoroughly evaluated, and only 26 were considered
suitable for use in this review, as they reported on the use of agro-industrial waste of animal
and vegetable origin and other alternative feeds for poultry farming, according to the Focus
Questions. Thus, all 57 articles were excluded for not meeting the inclusion criteria.
Subsequently, 2 articles containing essential information, such as data on alternative feeds in

poultry farming, were added. Therefore, 28 articles were compiled for this review.
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= Records identified from: Records removed before screening:
® .
o Databases (n= 4) —_ Duplicate records removed (n=7)
= Registres (n=187) Records market ineligible by automation tools (n=0)
o Reviews records removed (n=0)
o
Records screened Records excluded
(n=180) —> | =72
. !
= Reports sought for retrieval Reports not retrieved
8 | | (=108) —> | 0=25)
1™
o
) ! !
Reports assessed for eligibility Reports not retrieved
(n=83) —_—) | (n=57)
Studies included in review Excluded reports:
3 (n=26) Fruits residues not found in Brazil (n=58)
] Reports of included studies Other countries (n=25)
5 (n=2) Other birds (n=46)
= Assessment of other parameters (n=22)
Evaluation of economic analysis of alternative feed (n=10)

?igure 1. PRISMA flow diagram displays the literature search results (Scopus, Web of Science,
PubMed e Scielo).

Distribution of studies in Brazil
Studies on alternative feeds for poultry revealed an uneven distribution among Brazilian

regions (Fig. 2). The North region was responsible for most of the studies (53.6%), followed
by the South (21.4%), Northeast (17.9%) and Central-West (7.1%) regions; no studies were
found in the Southeast region. The states of Amazonas, Para and Tocantins, both belonging to
the North region of Brazil, obtained 12, 1 and 2 studies, respectively. The state of Parana,
belonging to the South region, obtained 6 studies; in the states of Ceara and Bahia, belonging
to the Northeast region, 4 and 1 study were found, respectively. The state of Mato Grosso do
Sul, located in the Central-West region of Brazil, presented 2 studies.

In total, 25 agro-industrial residues of animal and vegetable origin were found in the
studies as potential feed alternatives in poultry farming (Table 1). Among the agro-industrial
by-products most frequently studied in different regions of Brazil, three deserve special

attention: the by-product of cassava (Manihot esculenta Crantz, 1766), the by-product of
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sunflower oil extraction (Helianthus annuus L., 1753) and the by-product of cashew nut
processing (Anacardium occidentale L., 1753). The North region leads the studies on the
subject, with a total of 11 residues with the potential to be used as alternative feed in poultry

farming, followed by the Northeast region, the South region and the Central-West region.

Number of Studies

2
- ' 6
Percentage per Region s ' 4
' 2
L1
7.1 % I
0% j
I North - g
Il Northeast
[ Central-West
[ ]Southeast
B south

Figure 2. Occurrence of studies on alternative feed in Brazil.

The analysis of the studies revealed that most of the research is focused on broilers
(53.6%), representing the majority of the studies evaluated (Fig. 3). Next, studies involving
laying hens (42.8%) were identified, with significant importance due to egg production. On the
other hand, research with quails showed less representation (3.6%), with only one study

registered.
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Figure 3. Percentage of studies with production birds.
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Table 1. Regions of Brazil, states of Brazil and residues used as an alternative ingredient in poultry farming.

Waste used as an alternative ingredient in poultry farming

Regions of
Brazil Broiler chicken Laying hen Quails
Amazonas Para Tocantins Amazonas
e Waste from the Cassava scrapings Moringa e Acai residue (pit + peel)
extraction of tucuma and cassava starch Residue  from  the e Fish waste oil
pulp residue processing of babassu e Black pepper
North e  Guarana peel coconut e Tambaqui processing
waste  (viscera, gills,
scales and fins)
e Pirarucu processing
waste
o (ara
Ceara Bahia Ceara
e  Cashew nut processing Pequi e Cashew nut processing
waste Epicarp and e Waste Leucaena leaf
Northeast e Waste from the endocarp of jucara e Waste from the

extraction the oil from
the sunflower seeds

extraction the oil from
the sunflower seeds

Mato Grosso do Sul
e Dry cassava residue
Central-West ¢ Residue  from  the
extraction of oil from
macauba pulp

Mato Grosso do Sul
e Dry cassava residue

Parana
e Waste from the processing
of citrus fruits
South e (Guavira
e Waste from the extraction
the oil from the sunflower
seeds
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e Dehydrated cassava starch
residues
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Chemical composition

Table 2 presents the results of the centesimal composition of the alternative feeds in the
studies. Among the diets analyzed, animal by-products such as acid silage meal made of
pirarucu waste (ASMMPW) (Arapaima gigas Schinz, 1822) (40.05%) and tambaqui waste
biological silage meal (TWBSM) (Colossoma macropomum Cuvier, 1818) residue (33.29%)
presented higher levels of crude protein (CP).

In addition to protein levels, the analysis of carbohydrates and crude fiber (CF) also
reinforces the potential of these alternative feeds. For example, the guarana peel meal (GPEM)
(Paullinia cupana Kunth, 1821) presented a high value of CF, (44.04%). At the same time,
cassava shavings stood out in the fractions of neutral detergent fiber (NDF) and acid detergent
fiber (ADF). These characteristics are essential since including fibers in adequate levels
contributes to the balance of the intestinal microbiota and better use of nutrients by the birds.

The minerals present in the alternative feed also presented significant values, such as
Sunflower cake (26.6%) and TWBSM (14.37%). Regarding the ether extract, fish waste oil
presented the highest percentage (99.06%), followed by TWBSM (33.65%), ASMMPW
(26.81%) and Sunflower cake (15.52%).

Another fundamental aspect analyzed was the feed's gross energy (GE) and
metabolizable energy (ME). GPEM stood out as the primary source of GE, TWBSM,
ASMMPW, acai meal (Euterpe oleracea Mart. 1824), babassu pie (Attalea speciosa Mart. 1826)
presented significant values. In the case of ME, GPEM remained the highlight, reaching

4,227.20 kcal kg-1, evidencing its efficiency in providing energy for animal metabolism.
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Table 2. Chemical composition of alternative feed.

. Variables
Alternative feed DM (%) CP (%) CARB% MI(%) CF (%) NDF (%) ADF (%) EE (%) N-NE% GE (kcalkg') ME (kcal kg
Acai meal 89.12 5.25 - 6.64 25.30 - - 4.12 58.69 5389.16 2838.18
Acid silage meal
made of pirarucu
waste 84.16 40.05 7.97 9.31 - - - 26.81 - 5771.49 3253.01
Babassu pie - 21.26 - - 29.21 58.63 30.64 - - 4556 2268
Cara flour 95.54 2.65 3.23 2.69 7.45 3.64 0.31 86.66 3730.73 3489.81
Cassava starch
residue 19.04 8.47 - 1.1 - 4.23 40.14 2.98 - - -
Cassava scrapings 24.16 6.08 - 5.17 - 41.84 3991 1.92 - - -
Dehydrated cassava
starch residues 88 1.12 - - - - - - - - -
Dehydrated citrus
pulp 87.04 9.62 - - - 19.79 36.93 6.01 - - -
Dried cassava
residue 89.86 1.12 60.73 1.53 13.57 38.22 20.82 0.31 - - 1703
Fish waste oil - - - - - - - 99.06 - - -
Guarana peel meal 89.11 18.72 26.55 5.33 44.04 61.34 33.33 - - 6752.61 4227.20
Macauba meal 85.60 4.14 - - 28.54 - - 1.20 - - 3952
Sunflower cake 92.81 19.31 - 26.6 - 439.5 289.6 15.52 - - -
Tambaqui waste
biological silage
meal 96.28 33.29 - 14.37 1.36 - - 33.65 13.63 5666.07 -
Tucuma meal 89.78 9.33 - 4.49 14.63 53.98 38.63 12.66 - - 3267

DM= Dry matter; CP= Crude protein; CARB= Carbohydrate, MI= Minerals; CF= Crude fibre; NDF= Neutral detergent fiber; ADF= Acid detergent fiber;
EE= Ether extract; N-NE= Non-nitrogenated extract; GE= Gross energy; ME= Metabolisable energy.



52

Main parameters evaluated

The main parameters analyzed in studies on alternative feeds for laying hens are listed
in Table 3. Acai meal was investigated with a focus on digestibility, while ASMMPW was
analyzed in relation to productive performance, egg quality, apparent digestibility and energy
metabolism. Black pepper (Piper nigrum L., 1678) was studied due to its effects on
performance, egg quality and biochemical parameters. Other ingredients, such as cashew nut
meal and cara flour, were analyzed, considering their impact on productive performance, egg
characteristics and digestibility. Leucena leaf hay (Leucaena leucocephala, (Lam.) de Wit.),
1759) stood out in studies of digestibility and productive performance, while fish waste oil was
widely researched regarding egg quality and sensory characteristics, serum biochemical profile,
digestibility and ME. Furthermore, TWBSM was evaluated regarding digestibility, energy
metabolism, performance, egg quality, and biochemical parameters.

On the other hand, research involving broilers (Table 3) focused mainly on the effects
of alternative feeds on productive performance, carcass characteristics and meat quality.
Babassu pie was evaluated, considering zootechnical performance, organ biometry, and feed
costs, while cashew nut meal was investigated for its chemical characteristics, such as breast
meat and abdominal fat color. Cassava residue (CR), including dry cassava residue (DCR),
cassava scrapings (CS) and cassava starch residue (CSR), were analyzed for carcass yield, meat
quality, digestibility, gastrointestinal tract characteristics, and aspects such as leg pigmentation
and litter moisture.

Dehydrated citrus pulp, in turn, was studied in terms of intestinal morphometry, the
relative weight of organs of the gastrointestinal tract, meat quality, and lipid oxidation. GPEM
presented essential results regarding performance, carcass characteristics and serum
biochemical profile, while guavira fruit peel extract (GFPE) (Campomanesia adamantium
(Cambess.) O. Berg, 1856) was analyzed considering carcass yield and meat quality. Macauba
meal (Acrocomia aculeata (Jacq.) Lodd. ex Mart., 1824) was also studied in terms of
performance and carcass characteristics, and Moringa leaf flour was evaluated in relation to the
biometry of digestive organs, productive performance and meat color.

Specific studies also highlighted the use of pequi waste extract (Caryocar brasiliense
Cambess, 1828) and jucara waste extract (Euterpe edulis Martius, 1824), focusing on the
antioxidant capacity of the extracts to control the oxidation of chicken meat. Sunflower meal
and cake were analyzed in relation to zootechnical performance, carcass yield, intestinal

morphology, nutrient retention, energy metabolism and economic viability.
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Finally, about quails (Table 3), a single study was found that addressed the use of CR.
In this study, the performance of the birds, the weight of the organs of the gastrointestinal tract,
the intestinal morphometry and the quality of the eggs were evaluated. Despite the limited
number of studies involving this species, the results reinforce the viability of using agro-

industrial byproducts in different poultry production systems.
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Animal category

Alternative feed

Parameters evaluated

Author

Laying hen

Acai meal

Acid silage meal made of pirarucu
waste

Acid silage meal made of pirarucu
waste

Black pepper

Cara flour

Cashew nut flour

Leucaena leaf hay

Tambaqui waste biological silage
meal

Tambaqui waste biological silage
meal

Fish waste oil

Fish waste oil

Fish waste oil

Digestibility
Performance and egg quality

Apparent digestibility and energy metabolism

Performance, egg quality and biochemical parameters

Apparent digestibility and energy metabolism

Performance and characteristics of eggs

Performance and digestibility

Performance, hematological and plasma biochemical parameters,
and quality of the eggs.

Apparent digestibility and energy metabolism

Performance, egg quality and sensory characteristics
Serum biochemical profile
Digestibility, ME

Rufino et al. (2020)
Batalha et al. (2018)

Batalha et al. (2017)
Melo et al. (2016)
Melo et al. (2015)
Cruz et al. (2015)
Oliveira et al. (2014)
Guimardes et al.
(2025)

Guimaraes et al.
(2019)

Brelaz et al. (2019)
Brelaz et al. (2021)
Brelaz et al. (2024)

Broiler chicken

Cashew nut meal
Cassava residuos (Cassava scrapings
and cassava starch residue)

Dehydrated cassava starch residues
Dehydrated citrus pulp

Dry cassava residue
Guarana peel meal
Guavira fruit peel extract

Macauba meal
Moringa leaf flour

Chemical characteristics of breast meat and abdominal fat color
Digestibility, performance, organoleptic characteristics and meat
quality

Performance, litter moisture, gastrointestinal tract characteristics, leg

pigmentation, carcass quality
Intestinal morphometry, relative weight of gastrointestinal tract
organs, and meat quality and lipid oxidation

Carcass yield, cuts and meat quality

Performance, carcass characteristics and serum biochemical profile

Performance, carcass yield and meat quality

Performance and carcass characteristics

Performance, carcass characteristics, digestive organ biometrics and

Lopes et al. (2013)
Vieira et al. (2022)

Picoli et al. (2014)
Diaz-Vargas et al.
(2019)

Almeida et al.
(2020b)

Santos et al. (2024)
Lohmann et al.
(2021)

Ferreira et al. (2019)
Vasquez et al.



Pequi waste extract and jugara waste
extract
Sunflower meal

Sunflower cake

Sunflower cake

Tucuma meal

meat color

Antioxidant capacity of extracts of waste from the processing of
native Brazilian fruits for the inhibition of oxidation in chicken meat
Performance, intestinal morphometry and carcass characteristics

Zootechnical performance, carcass yield and intestinal morphology

Performance, body composition, nutrient retention, energy
metabolism and economic viability
Performance, carcass characteristics and serum biochemical profile
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(2024)

Frasao et al. (2018)

Oliveira et al. (2016)
Berwanger et al.
(2017a)

Souza et al. (2020)
Costa et al. (2018)

Quail

Dried Cassava Residue

Performance, gastrointestinal tract organ weight, intestinal
morphometry and egg quality

Almeida et al.
(2020a)
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Digestibility

The digestibility data from the studies analyzed with broilers and laying hens are
presented in Table 4. CSR (inclusion of 30 g kg! CSR) in the feed; in the feed presented
superior digestibility for both apparent metabolizable energy and apparent metabolizable
energy corrected by nitrogen balance compared to CS (inclusion of 30 g kg! CS), in diets t
broilers. Similarly, TWBSM, with 5% inclusion, the laying hens presented better nutrient
utilization than those fed the control diet.

On the other hand, ingredients such as fish waste oil (0 and 3.5%) and cashew nut meal
(0, 5, 10, 15, 20 and 25%) did not present significant differences in the control diet for all
variables analyzed, showing that, although they do not compromise digestive performance, they
also do not promote significant gains to laying hens. However, the negative impact of high
inclusion levels was evident in some ingredients, such as moringa leaf flour to broilers, used in
20% of the diet, and sunflower cake to laying hens, with inclusions ranging from 60 to 300 g
kg!, highlighting the need for adjustments in the proportions of these ingredients in diet
formulation. In contrast, the experimental diet containing 25% cara flour in diets to laying hens
showed higher digestibility coefficients for dry matter, non-nitrogenous extract and ether

extract, evidencing its efficiency as a viable alternative.
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Table 4. Digestibility results.

Animal category

Alternative feed Inclusion levels

Relevant results

Acai meal (0 and 25%)
Acid silage meal (0 and 3%)
made of pirarucu

waste
Cara flour (0 and 25%)

Cashew nut meal 0, 5,10, 15, 20 and
25%)

Fish waste oil (0 and 3.5%)

The inclusion of 25% showed better
utilization of CP, non-fiber
carbohydrates and mineral matter.
3% ASMMPW showed better use of

ether extract and mineral matter.

The inclusion of 25% obtained better
digestibility coefficients of dry matter,
nitrogen-free extract and ether extract.
There was no significant difference
with the different levels of inclusion.
Had no effect on the digestibility of
dry matter, CP, mineral matter, CF and

Laying hen )
non-nitrogenous extract.
Leucaena leaf (0, 5 and 10%) There was no significant effect on the
hay rates of Coefficient of nitrogen
digestibility, Apparent metabolizable
energy and Apparent metabolizable
energy corrected for nitrogen.
60 to 300 g kg! promoted a linear
(0, 60, 120, 180, 240 and reduction in the metabolizable
Sunflower cake '
300 g kg™ of SC) coefficients and ME values of the
diets.
Tambaqui waste ) o
) ) ) Showed better nutrient utilization than
biological silage (0 and 5%) )
those fed the control diet.
meal
(30 g kg-1 CS in the feed; The digestibility of CSR was higher
Cassava residues  inclusion of 30 gkg-1  for the variables apparent
(CS and CSR CSR in the feed; and ~ metabolizable energy and apparent
Broiler control) metabolizable energy.
The highest triglyceride concentration
Moringa leaf
a (0 and 20%) (266.91 mg dL-1) was obtained at the
our

inclusion level of 1.77%.
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Table 5 presents studies on the performance of broilers using different alternative feeds.

Babassu cake, GFPE (314 and 219 mg kg-1) and GPEM (10% inclusion) showed positive

weight gain and feed efficiency results, indicating their potential as effective alternative

additives. However, ingredients such as CSR and macauba bran showed inferior performance

when used in high proportions.

On the other hand, CR and moringa leaf flour did not significantly influence the

productive performance of the birds, suggesting that they can be used as partial substitutes

without compromising the results. Another relevant point was the positive effect of enzyme

supplementation in diets containing sunflower meal. The addition of enzymes improved

digestibility coefficients and bird performance.

Table 5. Main results on the performance of broiler.

Alternative feed

Broiler

Results found

Babassu pie

Cassava residues
Cassava starch
residue
Guavira fruit peel

extract

Macauba meal

Moringa leaf flour
Guarana peel meal

Dry cassava residue

Sunflower cake

Sunflower cake

Sunflower meal (SM)
inclusion with or
without multienzyme
complex
supplementation

Tucuma meal

The substitution of soybean meal with babassu pie influenced (P<0.05) the weight
gain (WQ), feed conversion (FC), water intake and weight of the broilers of 21
days of age, with no effect (P>0.05) on feed intake (FI).

Feed intake, average weight and weight gain did not vary significantly between
treatments, as well as carcass yield, breast yield and viscera.

A comparison of the different levels of CSR inclusion with the control treatment
showed lower weight gain and higher feed conversion (P<0.05) at inclusion levels
above 4 %.

314 and 219 mg kg™ resulted in greater weight gain and better feed conversion rate.
With the inclusion of 500 mg kg™! the broiler achieved greater gain and weight.
Macauba meal levels did not influence (P>0.05) animal performance in the periods
from 29 to 56 and 57 to 85 days. An influence (P<0.05) of macatba meal levels
was observed during the accumulated experimental period (1 to 85 days).

The inclusion of the Moringa leaf in the feed of slow-growing chickens did not
influence (P>0.05) carcass yield, nor the breast, thigh, drumstick and wing.

The 10% inclusion level of PCPM providing better cumulative weight gain and
feed efficiency results.

No interaction(P>0.05) was observed between enzyme addition and dry cassava
residue (DCR) levels for the carcass and portion yield,or abdominal fat variables
Diets containing 180, 240 and 300 g kg-1 of Sunflower cake (SC) increased their
feed intake (0 g kg-1 of SC), and only those receiving 300 g kg-1 of SC showed a
worse in feed conversion values.

Supplementation of exogenous enzymes to the diets did not improve the
performance of the birds in the period 1 to 21 days of age (P>0.05).

The influence of the exogenous enzymes on performance parameters observed
during the initial phase were observed from 1 to 42 d of age, with increases of 2.65
and 3.50% for weight gain and feed intake, respectively.

Differences were observed (P<0.05) in feed intake with the highest feed intake
(4.35 kg/bird) from inclusion of 4.47% of tucuma meal in the diets.
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The performance results of laying hens and quail, organized in Table 6. The inclusion
of ASMMPW in diet of laying hens showed superior results were observed in feed intake, egg
production, feed conversion and egg mass results of laying hens fed, feed intake showed
quadratic effect with great intake of 111.14g/bird/day in inclusion level of 0.75%. On the other
hand, cashew nut meal inclusion in the diet of laying hens did not influence feed consumption
and egg weight, at levels above 5% it promoted a linear reduction in egg laying and egg mass,
and feed conversion worsened linearly.

The inclusion level of 2,00% of fish waste oil presented more balanced results than other
inclusion levels. High levels of sunflower cake (180, 240 and 300 g kg-1) increased their feed
intake compared to those consuming the control diet (0 g kg-1 of SC) and 10% leucaena leaf
hay did not affect significantly (p > 0.05) the variables evaluated diet intake, weight gain, feed
conversion, ingestion of metabolized energy and ingestion of CP.

Regarding quail performance, internal egg quality, and yolk color were unaffected (p >
0.05) by dietary DCR inclusion. However, increasing DCR levels led to a linear rise in gizzard
and small intestine relative weight, no differences (p > 0.05) were observed in villus height,

crypt depth, or their ratio in the small intestine segments.

Table 6. Main results on the performance of laying hens and quail.
Laying hen
Results found

Alternative feed

Acid silage meal
made of pirarucu
waste

Differences (p<0.05) were observed in feed intake, egg production, feed
conversion and egg mass results of laying hens.

There were no significant differences (p > 0.05) between the means of the
productive performance variables.
The inclusion in the diet did not influence feed consumption and egg weight, at
Cashew nut meal levels above 5% it promoted a linear reduction in egg laying and egg mass, and
feed conversion worsened linearly.
The inclusion of leucaena leaf hay in the diet did not affect significantly (p >
Leucaena leaf hay 0.05) the variables evaluated diet intake, weight gain, feed conversion, ingestion
of metabolized energy and ingestion of CP.
The inclusion level of 2,00% of fish waste oil presented more balanced results
Fish waste oil ~ than other inclusion levels. Differences were not observed (p>0.05) in all
variables analysed.
Alternative feed Quail

There was a linear increase (p<<0.05) for the relative weight of the gizzard and
Dried cassava  the small intestine with increased dietary levels of the residue. The different
residue levels of the residue did not change (p>0.05) the values of villus height, crypt
depth, and villus height/crypt.

Black pepper
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Serum biochemical

The results of the serum biochemistry are shown in Table 7. The inclusion of tucuma
meal in broiler diets showed a higher concentration of triglycerides (266.91 mg dL-1) with
1.77% inclusion. On the other hand, the use of GPEM in broiler diets reduced the concentration
of triglycerides, especially when used at higher inclusion levels (10%). Black pepper showed a
slight reduction in the ideal level of triglycerides, with 259.08 mg dL-1, with an inclusion of
0.78% in the diets of laying hens, in addition, fish waste oil reduced the concentration of

triglycerides in laying hens at the highest inclusion levels.

Table 7. Main results on serum biochemical parameters of broiler and laying hens.

Alternative
Animal category feed Parameters evaluated Results found
The best level of
Glucose, triglycerides, triglycerides (259.08 mg dL-
Black pepper cholesterol and pH 1) was observed at the level

of 0.78% inclusion.

Laying hen . . The inclusion of 3.5% fish
Triglycerides, total .
waste oil reduced the
. . cholesterol, glucose, total .
Fish waste oil : ) . concentration of
proteins, albumin, globulins . c.
O triglycerides in the blood of
and uric acid .
laying hen.
The triglyceride
concentration was
Guarana peel  Total proteins, triglycerides, significantly increased with
meal cholesterol, albumin the inclusion of Paullinia
Broiler cupana peel meal in the
diets.
The highest triglyceride
Tucuma meal Glucose, triglycerides, concentration (266.91 mg
cholesterol and pH dL-1) was obtained at the
inclusion level of 1.77%.
DISCUSSION

Distribution of studies in Brazil

These data indicate (Fig. 2) that research on alternative feeds in poultry farming is
relevant in the states of Amazonas (42.9%). The importance of these studies in the region is
particularly evident, given the significant impact of logistics on the cost of inputs for poultry
farming. The difficulty of transportation and the distance from production centers increase the

price of the final product, making it essential to develop local solutions for animal feed. Cruz
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et al. (2016) state that the limited resources and the high cost of raw materials make the state of
Amazonas particularly unfavorable since 100% of the raw materials used to manufacture
balanced feeds come from other regions. Klinger et al. (2020), which highlights the importance
of searching for alternative ingredients to reduce feed costs and increase the poultry farmer's
profit margin. Using these ingredients also prevents agro-industrial waste from being discarded
into nature, reducing environmental impacts (Valentim et al., 2021).

Among the seven Brazilian states that presented studies related to the topic, three are
located in the North region, two in the Northeast region, one in the Central-West region and
two in the South region. The North region leads the studies on the topic (Table 1). Cruz et al.
(2016) state that feed accounts for approximately 70% of the total production cost, and in the
Amazon region, these costs can be amplified due to logistical problems and dependence on
grains produced in the other areas, directly impacting the final cost of the product. This situation
is evidenced by Rufino et al. (2015) and Cruz et al. (2016), who identified the Amazon as the
leading Brazilian region where all the challenges mentioned are most pronounced. In poultry
and swine diets, alternative feed ingredients can partially replace traditional dietary
components, such as soybean meal and corn (Sanches et al., 2023).

Of the total number of studies analyzed, it was observed that most of the research (Fig.
3) was focused on broilers, which may be related to the growing development of this production
chain. National poultry farming records continuous growth in broiler production, a factor that
drives global economies and consolidates the product as the country's leader in exports (ABPA,
2024; Schmidt & Silva, 2018).

Secondly, studies on the nutrition of laying hens were identified, which are of significant
importance due to the large number of eggs produced in Brazil. According to ABPA (2024),
the average egg consumption in Brazil is 242 eggs per capita per year, reflecting a constant
increase in recent decades. Eggs are widely recognized as one of the most complete feed in the
human diet, standing out for their rich nutritional composition, which includes vitamins,
minerals, fatty acids and proteins (Kusum et al., 2018; Eddin et al., 2019).

On the other hand, studies involving quails were less representative, with only one study
registered, possibly due to their smaller market share than the different categories. Although
quails stand out for their high productivity, such as the early start of laying, around the 40th day
of life, and an average of 300 eggs in the first year (Santos Bourdon et al., 2023), there is a
notable lack of information in the national literature on the nutrition of these birds (Benivente

et al., 2022).



62

Chemical composition

Alternative animal-based feed such as TWBSM and ASMMPW have higher levels of
CP, followed by by-products of plant origin, among which we can highlight babassu pie,
sunflower cake and GPEM (Table 2). According to Toldra et al. (2016); Lynch et al. (2017),
many by-products are rich sources of proteins, lipids and biomolecules, and can add value in
certain cases.

CS and GPEM, in turn, obtained the highest values for the fibrous fractions NDF and
ADF. This can be attributed to the fact that the scrapings are obtained from the entire cassava
root, including part of the outer layers, which are naturally rich in insoluble fibers, such as
cellulose, hemicellulose, and lignin. Aragjo et al. (2017) found NDF and ADF values for raw
cassava peel of 42.95% and 28.76%, respectively. These residues can also contain more than
10% CF (Amorim et al., 2015; Parente et al., 2018). Santos et al. (2024) also found high NDF
and ADF values for GPEM. In another context, Candido et al. (2017) evaluated the composition
of fish silage and obtained 39.01% CP, 29.78% ether extract, 14.45% mineral matter and
30.69% dry matter, values similar to those found in TWBSM.

Moringa leaf flour, widely researched as an alternative in animal feed, stands out for its
low production cost and high efficiency of use. All plant parts can be used, including leaves,
fruits and seeds (Marinho et al., 2016; Cohen-Zinder et al., 2016; Babiker et al., 2017). Guzméan-
Maldonado et al. (2020) highlight that Moringa oleifera leaves contain 21.7 g of protein, 10 g
of fat, 16 g of fiber and 48 g of carbohydrates per 100 g, in addition to 1,908.71 mg of tannins
and 2,859.44 mg of flavonoids, polyphenols with high antioxidant potential, contributing to
several beneficial functions in the body.

In addition, babassu pie, with a protein content of 21.26%, has proven to be a viable
alternative to replace conventional and high-cost inputs in animal supplementation due to its
nutritional properties (Freitas et al., 2014). According to Table CQBAL 4.0 (2020), babassu pie
has 19.27% CP, 90.75% dry matter and high levels of NDF (71.41%) and ADF (39.66%),
making it an effective alternative to reducing feed costs without compromising the nutritional
value of diets.

The sunflower cake presented CP levels of 19.31% and ether extract of 15.52%, with
variations in the values observed by Berwanger et al. (2014), who identified 24.37% CP and
23.80% ether extract. These variations can be attributed to the nutritional composition of the
byproduct, with a high content of NDF and a lower concentration of GE, which directly impacts
the energy value available in the diet. According to Rostagno et al. (2017), the fiber content in

the sunflower cake is composed mainly of insoluble non-starch polysaccharides, such as
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rhamnose, arabinose, xylose, mannose, galactose and uronic acid.

Finally, the GPEM stood out with the highest levels of CF and GE, reaching 6,752.61
kcal kg-1 (Table 2). ME, which is the energy available for animal metabolism after losses in
the digestive process, was also more significant in GPEM, reaching 4,227.20 kcal kg-1.
However, the high fiber content of GPEM (Santos et al., 2024) limits its inclusion in diets for
non-ruminants, and its use in low concentrations is recommended to avoid impacts on animal

performance (He et al., 2015; Rufino et al., 2021).

Main parameters evaluated

The main parameters evaluated in studies on broilers and laying hens include
performance, digestibility, carcass yield, egg quality and biochemical parameters (Table 3).
Before being included in animal feed, the alternative ingredients requires careful evaluation of
their chemical composition, digestibility and potential antinutritional factors to develop cost-

effective diets without compromising animal performance (Brandao et al., 2023).

Digestibility

CSR showed significantly higher digestibility for apparent metabolizable energy and
apparent metabolizable energy corrected for nitrogen balance than CS (Table 4), evidencing
greater energy efficiency. Cassava is a promising energy source for poultry diets due to its high
starch content and high digestibility, which are higher than those found in many cereal grains
(Bakare et al., 2021). According to Sakomura et al. (2014), CR has higher digestibility of
ingested energy than shavings, which can be attributed to the higher content of ether extract,
resulting in an additional caloric effect. However, the low digestibility of CP in cassava diets
reflects a lower availability of nutrients for the animals, and changes in feed composition can
impact the acceptance and consumption of diets, especially for slow-growing broilers
(Chukwukaelo et al., 2018).

On the other hand, the inclusion of acai meal, which increases the fiber content in the
diets, favored the efficiency in using nutrients. This positive effect of fibers can be explained
by the impact on the development and functionality of the gizzard, promoting more excellent
mechanical activity of grinding and retention of the feed until it reaches particles of ideal size,
(Rufino et al., 2017). Including up to 10% of acai meal, with 4.50% fiber, promoted balance in
energy and protein consumption, directly impacting performance, especially the laying rate

(Rufino et al., 2021). Although historically seen as antinutritional (Mateos et al., 2012; Rufino
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et al., 2021), its balanced inclusion demonstrates benefits in digestive physiology and in the
modulation of the intestinal microbiota, this effect also promotes improvements in zootechnical
performance (Goulart et al., 2016; Mateos et al., 2012; Rufino et al., 2021).

TWBSM (with 3% inclusion) demonstrated superior results in energy and nutritional
digestibility, suggesting its viability as a substitute in poultry diets. Batalha et al. (2017, 2018,
2019) observed that up to 3% ASMMPW provided good nutrient digestibility and considerable
energy potential. Guimaraes et al. (2019) also observed the viability of TWBSM as a source of
energy and protein, with good digestibility at up to 5% levels.

However, the inclusion of ingredients such as moringa leaf flour (20%) and sunflower
cake (60 to 300 g kg-1) resulted in negative impacts, highlighting the importance of adjusting
the proportions in diet formulation. Sebola et al. (2017) reported that the inclusion of moringa
leaf flour had no significant impact on the digestibility of the Potchefstroom Koekoek and
Ovambo lines but indicated a reduction in digestibility in the Black Australorp line. Oliveira et
al. (2020) evidenced that Moringa oleifera has potential in animal feed, offering high nutritional
value and bioactive compounds to improve performance and digestibility.

According to Berwanger et al. (2017a), sunflower meal contains non-starch
polysaccharides such as cellulose and lignin, which are not degradable by digestive enzymes
and may reduce nutrient availability. Rostagno et al. (2017) indicated that the fibrous fraction
present in sunflower meal may reduce the efficiency of nutrient absorption, depending on the
inclusion levels. Finally, 25% cara flour in the experimental diet promoted a significant increase
in the digestibility coefficients of dry matter, non-nitrogenous extract and ether extract,

indicating its potential as a viable alternative ingredient.

Performance

The results on the performance of broiler chickens are shown in Table 5. The inclusion
of babassu pie, GFPE and GPEM demonstrated positive effects on weight gain and feed
efficiency, indicating the potential of these inputs as alternative feed.In studies carried out, Silva
et al. (2015) did not observe negative impacts on weight gain and feed conversion by replacing
up to 30% of soybean meal with babassu cake, which suggests that this ingredient can be used
without compromising bird performance.

Furthermore, guavira is rich in bioactive substances such as ascorbic acid and phenolic
compounds and has shown positive effects on poultry health, promoting antioxidant,
antimicrobial and immunostimulant functions (Viecili et al., 2014; Capeletto et al. 2016). These

compounds can improve the digestive performance of poultry and modulate their immune
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response (Kamboh et al., 2015), in addition to preserving meat quality by reducing lipid
oxidation during processing (Jiang; Xiong, 2016). Similarly, GPEM, when included in diets for
slow-growing broilers, has shown positive effects on weight gain and feed efficiency despite
its high fiber content (Santos et al., 2024).

In contrast, CR and moringa leaf flour did not significantly influence bird performance,
although they are viable as partial substitutes for conventional ingredients without negatively
affecting production results. Silva; Silva (2021) highlight that whole CS, due to their low
protein content and deficiency in essential amino acids such as methionine and tryptophan,
require nutritional adjustments for their proper use. However, this ingredient has a high content
of lysine, an essential amino acid for bird growth. Similarly, the inclusion of moringa leaf leaves
in diets did not significantly affect bird performance (Macambira et al., 2018). However,
Hassan et al. (2016) observed that higher levels of moringa leaf inclusion improved both weight
gain and feed conversion. Variations in processing methods, nutritional management, and
genetic characteristics of the birds studied can explain these divergent results.

Malhado et al. (2021) concluded that the inclusion of 12% barley residue in diets for
Label Rouge broilers (49-90 days) did not affect weight gain, feed conversion, and carcass
yield. Similarly, Santos et al. (2024) reported that 10% Paullinia cupana hull bran provided the
best results for slow-growing birds, with gains in productive performance, meat quality, and
yield of prime cuts such as breast, thigh, and drumstick. Corroborating with . Holanda et al.
(2015) found that the inclusion of up to 48% of whole cassava bran in the diet of free-range
chickens did not affect the yield of commercial cuts, viscera or zootechnical performance.
However, Chaves et al. (2024) observed that 15% tucuma bran in the initial phase did not alter
consumption, but reduced weight gain and feed efficiency in both phases, indicating possible
impairment in nutrient utilizationConversely, Costa et al. (2018) observed that increasing levels
of babassu flour in diets improved the weight and productive efficiency of chickens, but
identified a reduction in these parameters after 25% inclusion

The performance results of laying hens and quails (Table 6) prove the potential of these
alternative feeds. Significant results were observed with an increase in egg production, feed
conversion and egg mass of laying hens with diets containing ASMMPW . The results also
indicate that the inclusion level of 2.00% of residual fish oil presented more balanced results.
Alemayehu et al. (2015) indicated that including fish meal and oil in the diets of chickens and
quails resulted in a significant increase in yolk height, which suggests the positive effect of
alternative ingredients on egg quality. Scherr et al. (2014) associated this effect with the high

content of essential fatty acids, such as omega-3 and omega-6, present in fish waste, which can
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improve the final product's quality. Silva et al. (2017) also reported an increase in bird feed
consumption with the inclusion of fish byproduct meal in the diets, evidencing the positive
impact of these ingredients on feeding behavior. Nogueira et al. (2014) associated this increased
consumption with ingredients of animal origin, which are known to enhance the palatability of
diets. This effect can be explained by the natural preference of birds for feed with moderate to
high lipid levels, which act as positive sensory modulators, stimulating voluntary consumption
and, consequently, favoring the productive performance of birds.

The inclusion of black pepper, cashew nut meal and leucaena leaf hay in the diet of
laying hens did not significantly influence (P>0.05) the productive performance. However,
diets with 180 to 300 g kg™' of sunflower cake linearly decreased (P<0.05) the feed intake,
although the dosage of 300 g kg™! impaired the feed conversion. There was a linear increase
(P<0.05) for the feed intake and feed conversion after the inclusion of 60 g kg-1 of sunflower
cake in the diet. Pinheiro et al. (2012) reported the importance of evaluating the positive or
negative effects on productive performance when including alternative feed with phytogenic
compounds in the poultry diet. Regarding cashew nut flour, Soares et al. (2007) observed that
its quality is variable, with tannin levels around 0.26%; however, this percentage may increase
with processing. Cruz et al. (2015) suggests that protein manipulation by burnt almonds and
tannin levels may reduce egg production and worsen feed conversion.

The addition of sunflower cake and leucaena leaf hay can reduce intake and worsen feed
conversion in pullets, due to the high fiber content (Souza et al., 2020) and the presence of
antinutritional factors such as mimosine and tannins in leucaena leaf (Oliveira et al., 2014).
However, Abdallah et al. (2015) observed that up to 140 g/kg of sunflower cake improved
weight gain and body mass in pullets aged 11 to 19 weeks.

The inclusion of DCR in quail diets did not significantly affect performance, internal
egg quality, or yolk color, but promoted a linear increase in the relative weight of the gizzard
and small intestine without altering the height of the intestinal villi. This result is in line with
the observations of Duarte et al. (2013), who highlight the greater ability of quails to utilize
fibrous feeds compared to broilers, thanks to the morphophysiological characteristics of their
gastrointestinal tract, such as the higher digestive passage rate (Wils-Plotz; Dilger, 2013).
Although fiber inclusion can influence the characteristics of the intestinal villi (Almeida et al.,
2020a), in this study no significant changes were observed, noting that the tested DCR levels
maintained the balance between digestibility and nutritional utilization.

Brunelli et al. (2012) found that the inclusion of 30% defatted corn germ meal in laying

hens did not affect performance, but reduced yolk pigmentation. At the same time, vegetable
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oils increased egg weight and yolk percentage in young hens (Oliveira et al., 2010). On the
other hand, the inclusion of up to 5.7% detoxified castor bean meal improved performance

without compromising egg quality (Bueno et al., 2014).

Serum biochemical
Tucuma bran provided the highest concentration of triglycerides (266.91 mg dL-1) with

1.77% inclusion in diets to laying hen (Table 7), while black pepper showed a slight reduction
in the optimal level (259.08 mg/dL) with 0.78% inclusion in diets to laying hen. GPEM (10%)
and fish waste oil (3.5%) reduced the concentration of triglycerides, decreasing the potential to
improve the lipid profile in broiler. The results showed that alternative ingredients modulate
serum biochemical parameters in birds, as demonstrated by Melo et al. (2016), who associate
changes in diet with metabolic changes, even if subtle.

In broilers' metabolism, triglycerides from the digestion and absorption of fatty acids
are mainly processed in the intestinal mucosa and liver. However, excessive elevations in the
concentrations of these lipids can compromise metabolic efficiency, resulting in reduced
zootechnical performance (Zhou et al., 2020; Hu et al., 2021). Thus, adequate control of the
intake of ingredients that impact the lipid profile is essential to optimize the growth and health
of birds.

Including up to 25% of tucuma byproduct meal in broiler diets did not compromise the
serum biochemical parameters of the broilers. However, it presented significant changes in the
broilers' blood pH, suggesting a specific physiological impact of this ingredient on the acid-
base balance. Deviations in this balance can compromise fundamental metabolic processes,
resulting in reduced physiological efficiency and negatively affecting animal productivity
(Melo et al., 2016). An imbalance in the electrolyte system can harm the growth, health, and
zootechnical performance of birds, and it is becoming a critical factor to be considered in studies
that evaluate the effect of alternative ingredients in diets (Maia et al., 2024; Souza et al., 2015).

Studies carried out by Gutiérrez Castro & Matus (2019) demonstrate that the inclusion
of Tithonia diversifolia flour up to 15% does not alter blood parameters in broilers. Morais et
al. (2023) tested cinnamon, oregano and annatto (2%) in 42-day-old broilers, and annatto stood
out for improving the calcium/phosphorus ratio and plasma protein without altering cholesterol.
At the same time, Carrijo et al. (2005) found that garlic powder, the inclusion of up to 1%, did
not alter lipid ranges. Although alternative foods can replace traditional diets, their adoption

depends on accessibility and animal adaptation (Sanches et al, 2023).
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CONCLUSION
The inclusion of agro-industrial waste in poultry diets has been widely studied in the

northern regions of Brazil, seeking alternatives that reduce costs and promote sustainability.
This waste offers relevant nutritional and productive benefits, such as providing proteins, lipids
and bioactive compounds, and contributes to the circular economy by reusing byproducts that
would otherwise be discarded. Studies show that waste such as babassu cake, guarana peel meal
and cassava waste can improve poultry's digestibility and productive performance, increasing
weight gain, feed conversion and meat and egg production. However, excessive use of these
ingredients can impair nutrient absorption, requiring an adequate nutritional balance in the
formulations.

The inclusion of waste also affects poultry's biochemical parameters, especially the
acid-base balance. Ingredients such as tucuma meal and residual fish oil have shown positive
effects in reducing triglycerides, promoting a healthier metabolism. In summary, agro-industrial
residues have great potential as alternative ingredients in poultry diets, but their application
must be carefully adjusted to maximize benefits and avoid negative impacts on bird

performance.
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Abstract

The guarand (Paullinia cupana) production chain holds strategic economic and
socioenvironmental significance for the Brazilian Amazon, especially in the state of Amazonas.
This study investigates the structure and performance of guarana production across Amazonas
microregions from 2010 to 2023, applying descriptive and econometric analyses to identify key
drivers and bottlenecks. Data from local institutions were aggregated to assess production
volume, yield, number of producers, prices, and income indicators. A log-log panel regression
model was developed to evaluate the influence of these variables on total production. The
number of producers and productive yield significantly influence output, while average price
and per capita income showed limited explanatory power. Regional disparities in productivity
and participation were observed, with Middle Amazonas leading production. The study
provides a data driven foundation for future public and private interventions aimed at
revitalizing the guarand value chain in Amazonas and ensuring its long term resilience.
Keywords: agricultural economics; guarana; fixed effects model; Paullinia cupana; productive

yield.

INTRODUCTION
The Amazon biome harbors a uniquely complex ecosystem, marked by exceptional

biological richness and high potential for economic exploitation of its biodiversity (Andrade et
al., 2024; Clement et al., 2005; Clement et al., 2010; Ladislau et al., 2019; Lemos et al., 2015;
Oliveira et a., 2021). Among its endemic fruit species, those with bioactive properties,
promising phytochemical profiles and economic valuation stand out for their relevance in
biotechnology, nutraceuticals, and sustainable development strategies by the firms (Diniz et al.,
2019; Rodrigues et al., 2023). One notable example is guarana (Paullinia cupana), a species
cultivated almost exclusively in Brazil and of substantial economic and socioenvironmental
relevance to the Amazon (Schimpl et al., 2013; Ferreira et al., 2022). Its visually distinctive
fruit featuring a red rind, black seed, and partially exposed white aril is emblematic of the
region's natural wealth (Santana et al., 2018).

Guarand is widely recognized for its medicinal, nutritional, stimulant, and wound
healing properties (Marques et al., 2016), with approximately 70% of produc-tion allocated to
the soft drink and energy beverage industry, and the remaining 30% directed to the nutraceutical
and dermocosmetic sectors or consumed in natura (Schimpl et al., 2013; da Silva et al., 2017).
Its seeds, typically commercialized in raw, powdered, capsule, or tablet forms, are rich in

caffeine (2.41-5.07%), theophylline (0.06%), theobromine (0.03%), total tannins (5.0-14.1%),
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proteins (7.0-8.0%), polysac-charides (30—47%), sugars (6.0-8.0%), fibers (3.0%), fatty acids
(0.16%), ash (1.06-2.88%), and moisture (4.3—10.5%) (Marques et al., 2019; Schimpl et al.,
2013; Machado et al., 2018). In addition, bioactive compounds such as saponins and tannins
contribute to its antioxidant and antimicrobial potential (Fernandes et al., 2020).

The rising domestic and international demand for guarand based products, combined
with fiscal incentives from the Manaus Free Trade Zone, has concentrated approximately 90%
of soft drink concentrate production plants in Manaus, Amazonas (Meneghetti et al., 2021).
This has driven the expansion of guarana cultivation in Amazonas and Bahia, consolidating its
economic role in regional agriculture (Marques et al., 2019; Meneghetti et al., 2021). Recent
studies underscore that adopting modern processing techniques for Amazonian fruits could
further strengthen sustainable economic growth in the region (Nascimento & Oliveira, 2024).

Guarana also plays an essential role in traditional Amazonian medicine due to its
stimulant and therapeutic effects (Silva et al., 2015). In municipalities like Maués, its value
chain involves rural producers, middlemen, and large corporations such as AmBev, establishing
complex commercial relations that, while not stripping farmers of autonomy, reinforce
economic dependency structures (Silva et al., 2018; Costa & Cruz, 2019). In many rural areas
of Amazonas, guarand cultivation represents a vital source of household income (Souza et al.,
2018).

Understanding the economic networks tied to Amazonian biodiversity is essential for
designing strategies that improve production efficiency and enhance the market value of local
goods (Silva et al., 2018). However, a persistent lack of accurate data on the guarana value
chain in Amazonas hampers sustainable development, undermining public policy formulation
and limiting the evaluation of key metrics such as operational yield, competitiveness, market
behavior, and critical bottlenecks (Homma, 2012; Cabral et al., 2023; Freitas et al., 2023).
Therefore, the systematic organization of economic data is crucial to optimize value chain
performance and expand market access (Drummond, 1996; Cabral et al., 2023). In this context,
this study aimed to assess the structure of the guarana value chain in the state of Amazonas,
mapping its geographic distribution across microregions and applying econometric tools to

analyze its production dynamics.

MATERIALS AND METHODS
The guarana production chain in the state of Amazonas, Brazil, was initially

characterized based on the territorial division into microregions adopted by the Instituto de

Desenvolvimento Agropecuario e Florestal Sustentavel do Estado do Amazonas (IDAM). The
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study covers the period from 2010 to 2023, considering cumulative data from January to
December for each year. The microregions analyzed were composed of the following
municipalities:
. Alto Rio Negro: Barcelos, Santa Isabel do Rio Negro, and Sao Gabriel
da Cachoeira.
= Alto Solimdes: Amaturd, Atalaia do Norte, Benjamin Constant, S3o
Paulo de Olivencga, Santo Anténio do I¢4, Tabatinga, and Tonantins.
. Baixo Amazonas: Barreirinha, Boa Vista do Ramos, Nhamunda,
Parintins, Sdo Sebastido do Uatuma, and Urucara.
= Jurué: Carauari, Eirunepé, Envira, Guajara, Ipixuna, and Itamarati.
= Jutai/Solimodes/Jurua: Alvaraes, Fonte Boa, Japura, Jurua, Jutai, Maraa,

Tefé, and Uarini.

= Madeira: Apui, Borba, Humait4a, Manicor¢, Santo Anténio do Matupi,
and Novo Aripuana.
= Médio Amazonas: Itacoatiara, Itapiranga, Maués, Nova Olinda do Norte,

Novo Remanso, Presidente Figueiredo, Silves, and Urucurituba.

= Purus: Boca do Acre, Canutama, Labrea, Vila Extrema, Pauini, and
Tapaua.

= Rio Negro/Solimdes: Anama, Anori, Autazes, Beruri, Caapiranga,
Careiro, Careiro da Varzea, Coari, Codajas, Iranduba, Manacapuru, Manaquiri, Manaus,

Novo Airao, Rio Preto da Eva, and Vila Rica de Caviana.

The data used in this study are secondary and were sourced from IDAM’s internal
database, which collects information through questionnaires administered to active guarana
producers in all Amazonas municipalities registered with its local units. It is worth noting that
IDAM is the official body responsible for collecting primary sector data in Amazonas, with
regional offices and technical personnel deployed throughout the state an institutional feature
that lends considerable reliability to the database it maintains on primary production chains.
The researchers processed and analyzed the data. Initially, the information was grouped by
municipality based on questionnaire samples, considering production volume and the number
of active producers. Subsequently, the data were consolidated by microregion according to
IDAM’s territorial classification described above.

Guarana production data refers exclusively to agricultural cultivation activities. In the

descriptive stage, annual guarand production in each microregion was expressed as a percentage
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of the state's total output for each year, alongside the number of active producers. Additionally,
productivity was calculated by determining the rate of harvested area relative to the total planted
area.

Based on production data from IDAM and per capita income data (municipal GDP per
capita) provided by the Amazonas State Secretariat for Economic Development, Science,
Technology and Innovation (SEDECTI-AM), a log-log econometric model (1) was developed
using absolute panel data for guarana production by microregion in Amazonas from 2010 to

2023, following the algebraic structure:

InY it=p_1+B 21n [Prod] _it+B 3In [Ren)] it +B 4In [RendProd] it +B 51n
[(Pre] it [+u] it (1)

Where:

InY = natural logarithm of guarana production;

InProd = natural logarithm of the number of active producers in the activity;

InRen = natural logarithm of the average per capita income of the municipalities;

InRendProd = natural logarithm of the productive yield of the activity;

InPre = natural logarithm of the average price paid to the producer.

Note: The subscript i represents the i-th observation (municipality) and t refers to time
(years). The coefficients 3 are the parameters estimated by the econometric regression model.

This model was based on a panel data analysis, which allows a given cross-sectional
unit (such as a country, state, or firm) to be observed over time. As such, panel data analysis
incorporates spatial and temporal dimensions (Wooldridge, 2005; Gujarati & Porter, 2011). The
econometric model was initially specified in three primary forms using Gretl software (Gnu
Regression, Econometrics and Time-series Library, v.2023): the pooled OLS model, the fixed
effects model, and the random effects model.

To determine the most appropriate specification and the one that best fit the data
behavior, Chow, Breusch-Pagan, and Hausman tests were applied at a 5% significance level,
as recommended by Gujarati and Porter (2011). Multicollinearity was assessed using the
Variance Inflation Factor (VIF), where values greater than 10 may indicate collinearity
problems (Wooldridge, 2005; Gujarati & Porter, 2011), and through the construction of the
correlation matrix among the analyzed variables. Heteroskedasticity was tested using the White

test at a 5% significance level. It is essential to highlight that, due to the log-log specification
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of the model, the coefficients of the independent variables represent the percentage change in
productivity for each 1% increase in the corresponding independent variable (Gujarati & Porter,
2011).

To support the analysis, particularly about the market dynamics of the guarana
production chain in Amazonas, additional qualitative and quantitative data were collected from
reports and technical staff of the following institutions: the Brazilian Agricultural Research
Corporation (EMBRAPA — Western and Eastern Amazon units), the Brazilian Institute of
Environment and Renewable Natural Resources (IBAMA), the Brazilian Institute of Geography
and Statistics (IBGE), and the Federation of Agriculture and Livestock of the State of
Amazonas (FAEA). These secondary data sources were used to provide insight into the
structure of the guarand production chain, including production flow, key territories, standard

production processes, and target markets (commercial reach).

RESULTS

The table 1, Figure 1, reveals a pronounced and persistent spatial concentration of
output. Municipalities within the Middle Amazonas microregion consistently held the largest
share of state production, typically accounting for 40% to 60% of the total annual output. This
sustained predominance is primarily driven by the municipality of Maués, a historic and
culturally emblematic hub of guarana cultivation that plays a central role in structuring the
state’s supply chain. Maués contributes a substantial proportion of the region’s total volume
and anchors the production system through its accumulated technical expertise, established
producer base, and long-standing integration into commercial networks, especially with major
beverage corporations.

The low Amazonas and Rio Negro/Solimdes microregions also made significant, though
less stable, contributions to total output across the series. Their performance was marked by
considerable interannual variability, likely attributable to agroclimatic events, unequal access
to extension services, logistical constraints, and public or private investment fluctuations.
Notably, in certain years, the low Amazonas approached parity with the Middle Amazonas

regarding output, reflecting its latent productive potential.
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Table 1. Percentage of each microregion in total guarand production in the state of

Amazonas, Brazil, from 2010 to 2023.!

Percentage share of each microregion in the total guarana production of Amazonas by year

; ‘on2
Microregion™ 00017 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
ARN 000 005 006 006 000 000 000 000 000 000 000 000 000 000
ASL 006 000 006 006 000 000 000 000 000 000 000 002 002 002
BAM 1947 2272 1995 1932 1472 1801 12.53 1477 1634 1512 1487 2190 29.15 18.58
JUR 000 000 000 000 000 000 000 000 000 000 000 000 000 0.0
JSJ 000 000 000 000 000 000 000 000 000 000 000 000 000 0.0
MAD 132 179 232 217 3.08 427 383 568 376 1239 2694 851 805 7.12
MAM 46.75 5200 5571 5875 4797 6849 6830 60.06 62.51 5234 4244 5815 4559 6130
PUR 013 017 009 009 007 004 006 018 008 007 006 005 009 008
RNS 3227 2327 2181 1955 3416 9.9 1528 1931 1731 2008 1569 1137 17.10  12.90
Total® 116 102 084 088 108 197 122 115 119 1.02 078 131 119 115

!'Source: Instituto de Desenvolvimento Agropecuario e Florestal Sustentavel do Estado do Amazonas
(IDAM). Data collected between 2010 and 2023 and processed in 2025.

2Note: ARN = Alto Rio Negro. ASL = Alto Solimdes. BAM = Baixo Amazonas. JUR = Jurua. JSJ =
Jutai/Solimdes/Jurua. MAD = Madeira. MAM = Médio Amazonas. PUR = Purus. RNS = Rio
Negro/Solimdes.

3 Volume presented in thousand tons.
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Figure 1. Annual guarand production (in absolute numbers) in the microregions of Amazonas

from 2010 to 2023.
Note: ARN = Alto Rio Negro. ASL = Alto Solimdes. BAM = Baixo Amazonas. JUR = Jurua. JSJ =

Jutai/Solimoes/Jurua. MAD = Madeira. MAM = Médio Amazonas. PUR = Purus. RNS = Rio
Negro/Solimdes.

Source: Authors’ elaboration.
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This regional concentration also influenced the structure of guarana producers across
the state (Table 2). While production volumes varied by year, a progressive decline in the
number of active producers was observed throughout the period, suggesting potential structural
changes in the production chain. Interestingly, the microregions with the highest productive
yields were not necessarily those with the most significant number of producers. For instance,
the Madeira microregion showed a dramatic increase in its relative share of production, from
3.82% in 2010 to 50.17% in 2023. On the other hand, microregions such as Alto Rio Ne-gro,
Alto Solimdes, Jurua, and Jutai/Solimdes/Jurua showed marginal involvement, both in terms of
volume produced and number of producers. Meanwhile, despite low production levels, the
Purus microregion experienced a slight increase in the number of active producers over the

same period.

Table 2. Percentage of producers in each microregion relative to the total number of active

producers in the guarana supply chain in Amazonas, Brazil, from 2010 to 2023.!

Percentage share of each microregion in the total number of guarana producers in Amazonas by year

Microregion?

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ARN 0.00 0.10 0.10 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
ASL 0.05 0.00 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.67 0.99
BAM 21.61 20.66 1821 16.08 1640 21.16 19.83 1655 1996 2149 23.02 2749 3.26 3.56
JUR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.10
JSJ 0.00 0.00 0.00 0.03 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.03 3.00 1.97
MAD 3.82 4.19 4.83 5.08 7.93 9.99 1030  8.60 9.43 7.21 4.98 5.77 36.01 50.17
MAM 7271 7248 7392 7641 73776 6520 66.19 72.00 6832 6893 69.54 6453 3044 2542
PUR 0.03 0.05 0.08 0.10 0.12 0.15 0.27 0.22 0.24 0.22 0.19 0.18 3.54 2.50
RNS 1.78 2.52 2.81 2.15 1.76 3.47 3.41 2.63 2.05 2.16 2.27 1.97 2274 15.29
Total® 3,873 3,892 3,854 3,861 4,097 3,445 3,339 4,140 3,763 3,600 3,618 3,812 1,518 1,502

"'Source: Instituto de Desenvolvimento Agropecuario e Florestal Sustentavel do Estado do Amazonas
(IDAM). Data collected between 2010 and 2023 and processed in 2025.
2Note: ARN = Alto Rio Negro. ASL = Alto Solimdes. BAM = Baixo Amazonas. JUR = Jurua. JSJ =
Jutai/Solimdes/Jurud. MAD = Madeira. MAM = Médio Amazonas. PUR = Purus. RNS = Rio

Negro/Solimdes.

3 Values presented in absolute numbers.

The low Amazonas microregion registered the highest overall performance in the

historical series (Table 3), with an average yield of 95.89%. It was followed closely by Rio
Negro/Solimdes (92.94%), and, at a moderate level, by middle Amazonas (56.83%) and
Madeira (52.40%). Although low Amazonas led in terms of productivity, the municipality of
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Maugés, located in the middle Amazonas microregion, emerges as a central actor in the state’s
guarand production chain. Maués combines cultural heritage, economic relevance, and
historical tradition in guarana cultivation, positioning itself as a strategic center for primary
production and local value aggregation. Relatively high productivity rates further reinforce its
role in the middle Amazon, which still outperforms most other regions despite not reaching the
levels of the low Amazon. Meanwhile, regions such as Jurua, Alto Rio Negro, and
Jutai/Solimdes/Jurua displayed limited or inconsistent yield values throughout the period,
signaling ongoing regional disparities and the need for targeted investment to enhance

agronomic performance in less-developed areas.

Table 3. Productive yield of the guarané supply chain in each microregion of Amazonas,

Brazil, from 2010 to 2023.

Micror. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 AvJ3
ARN 0.00 81.15 80.23 83.12  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1746
ASL 65.00 0.00 69.00 67.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 86.00 87.00 83.00 32.64
BAM 95.61 96.87 97.82 97.01 97.70 9922 9793 9639 80.78 8945 98.12 98.19 99.53 97.84 95.89
JUR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9512 9419 1352
JSJ 0.00 0.00 0.00 59.13 6133 6259 0.00 0.00 0.00 0.00 0.00 0.00 91.12 9223 2024
MAD 3943 38.65 41.71 3645 36.69 46.59 46.10 4732 5373 37.11 2049 9483 97.12 9735 5240
MAM 4032 3948 58.62 5462 5566 5146 5222 50.69 64.61 58.79 5296 52.68 83.10 8043 56.83
9

PUR 93.00 94.00 96.00 96.00 97.00 96.00 77.78 81.82 81.82 81.82 81.82 5556 5.12  96.18 8742
RNS 9529 98.14 9435 9789 97.50 9829 9296 9292 6247 80.64 9881 9854 9858 9471 9294
Av? 47.63 49.81 5975 59.12 4273 5462 40.78 41.02 3816 38.65 39.13 5398 8297 81.77 52.15

!'Source: Instituto de Desenvolvimento Agropecuério e Florestal Sustentavel do Estado do Amazonas
(IDAM). Data collected between 2010 and 2023 and processed in 2025.

2 Note: Microrregions: ARN = Alto Rio Negro. ASL = Alto Solimdes. BAM = Baixo Amazonas. JUR
= Jurua. JSJ = Jutai/Solimdes/Jurua. MAD = Madeira. MAM = Médio Amazonas. PUR = Purus. RNS
= Rio Negro/Solimoes.

3 Average productive yield of each microregion over the historical series.

* Average productive yield of the state in each year is evaluated.

To better understand the determinants of guarana production, an econometric model was
developed (Table 4). The model proved to be statistically significant, and results from Chow,
Breusch-Pagan, Hausman, and White tests (p < 0.01) confirmed that the fixed effects model

was the most suitable specification, offer-ing the best fit to the data.
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Table 4. Econometric model of total guarand production in Amazonas from 2010 to 2023.

Variable Coefficient Standard p-value  VIF
Error
Constant (1) 0.81444 0.27414 <0.01 -

Number of producers 0.88309 0.04520 <0.01  2.127

Productive yield 0.34627 0.04604 <0.01 1.919

Per capita GDP / Income 0.03025 0.01606 0.05 1.145

Average price paid to producers -0.08787 0.09525 0.35 1.337
Model p-value <0.01
R? 0.94
Chow test p-value' 0.48
Breusch-Pagan test p-value? <0.01
Hausman test p-value? 0.34
White test p-value * 0.32
Durbin-Watson test p-value — positive autocorrelation® 0.37
Durbin-Watson test p-value — negative autocorrelation® 0.77

' Ho: the pooled model is preferable to the fixed effects model.

2 Ho: the pooled model is preferable to the random effects model.

3 Hy: the random effects model is preferable to the fixed effects model.
4 Ho: there is no heteroskedasticity in the model.

5 Ho: there is no autocorrelation in the model.

Among the independent variables, the number of active producers strongly positively
influenced guarand production (p<0.01). A 10% increase in the number of producers was
associated with an estimated 8.83% increase in production, ceteris paribus. The second most
influential factor was productive yield, which also showed a statistically significant effect (p <
0.01). Specifically, a 10% improvement in yield was associated with a 3.46% increase in total
production. In contrast, the average price paid to producers exhibited a negative but statistically
insignificant effect on production. Likewise, municipal per capita income showed no
meaningful relationship with production levels.

The strong positive correlation between the number of producers and guarana
production (Table 5) reinforces the critical role of labor in sustaining output. The moderate
correlation between productive yield and production (r = 0.44) further supports its relevance as

a key efficiency driver.
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Table 5. Correlation matrix of the variables included in the econometric model of total

guarand production in Amazonas from 2010 to 2023.

Production  Producers Production Per capita GDP / Price paid to Variables
yield Income producers
1.00 0.93 0.44 0.11 -0.06 Production
1.00 0.66 0.08 0.32 Producers
1.00 0.07 0.05 Production yield
1.00 0.33 Per capita GDP /
Income
1.00 Price paid to producers

Conversely, the weak correlation between per capita income and production (r = 0.11)
aligns with the regression results and indicates that improvements in income alone are unlikely
to influence guarand production dynamics. Similarly, the low correlation between producer
prices and output (r =-0.06) is consistent with the model’s negative coefficient. Together, these
results suggest that the guarand production chain in Amazonas is shaped more by production
side factors particularly labor availability and yield efficiency than by market or income-related

drivers.

DISCUSSION

Initially, the variations in production and the economic and geographic concentration of
guarand cultivation in Amazonas can be attributed to several interrelated factors. Firstly, as
Silva et al. (2022) noted, guarana cultivation has historically suffered from deficiencies in
agronomic practices. Agriculture in the Amazon faces substantial challenges due to the intrinsic
properties of the region’s soils, which are naturally low in nutrients and highly acidic,
conditions that hinder cultivation without proper management (Junior et al., 2011; Candotti et
al., 2023).

Secondly, the expansion of modern agriculture in the middle Amazonas microre-gion
can be pointed out, including practices such as soil correction, fertilization, and controlled
irrigation (Tavares et al., 2022), has significantly improved productivity per hectare.
Municipalities like Maués and Presidente Figueiredo have attracted sustainable agriculture
investments (Silva et al., 2018), with cultivation predominantly occurring in integrated systems
managed by major industry players such as AmBev and Coca-Cola (Costa, 2010).

Thirdly, the growing domestic and international demand for guarana, driven by its
chemical composition and functional properties, combined with fiscal incentives from the

Manaus Free Trade Zone, has led approximately 90% of guarand concentrate industries to
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establish themselves in the state capital (Meneghetti et al., 2021). The dominance of middle
Amazonas may also be attributed to a more structured supply chain, with better organized
producer associations and public policies aimed at boosting agriculture in previously neglected
areas (Said et al., 2021). In contrast, Baixo Amazonas has lost relevance, likely due to infra-
structure shortcomings, logistical bottlenecks, and reduced competitiveness compared to more
dynamic regions (Garrett et al., 2017; Said et al., 2021). According to Silva et al. (2018),
logistics have always posed a significant obstacle to the economic sustainability of rural and
extractive supply chains in Amazonas, a reality particularly evident in Maués due to the
municipality's vast territorial area and heavy reliance on river transport and fossil fuels.

Finally, climate change and pest pressure have also affected traditional guarana growing
regions, particularly in the low Amazonas, which has experienced outbreaks of diseases such
as anthracnose (Sutton, 1992; Hyde et al., 2009). Until the early 1990s, guarana production
largely depended on natural environmental conditions (Meneghetti et al., 2021). Although the
state has access to more than 19 productive and pest-resistant cultivars, adopting available
technological packages remains very limited. This has hindered production expansion, as most
plantations are not renewed regularly, exacerbating disease susceptibility issues (Tricaud et al.,
2016; Meneghetti et al., 2021).

As a native species of the Amazon, guarand represents a valuable biological resource
(Cavalcanti et al., 2020), with a wide range of applications across local, national, and
international markets due to its bioactive compounds (Dalonso & Petkowicz, 2012). Its market
potential has expanded beyond the food, beverage, and cosmetics industries, gaining increasing
relevance in the pharmaceutical sector (Santana & Macedo, 2019; Malik & Tlustos§, 2023). In
this context, the guarana market has experienced significant growth in recent years, driven both
by its economic value and by its growing social and functional appeal, particularly as global
demand for natural and functional products rises (Marques et al., 2016; Marques et al., 2019).

Despite its Amazonian origins, the guarana production chain has undergone no table
geographic expansion, established in several other Brazilian regions over the past centuries
(Lopes & Silva, 1998; Homma, 2012; Dias & Carvalho, 2017). An illustrative case is Bahia,
which emerged as the leading guarand producing state, accounting for 68.5% of national
production in 2023. However, the state recorded a 4.8% decrease in output compared to the
previous year, resulting from a 1.9% reduction in planted area and a 2.8% decline in yield per
hectare. Amazonas ranked second nationally, accounting for 24.2% of total production with
611 tons harvested, a level 10.9% lower than the previous cycle. This decline was primarily due

to a 18.1% contraction in cultivated areas, which was not offset by a modest 1.3% gain in
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productivity (CONAB, 2024).

On the other hand, despite the ongoing expansion of the guarana market, the decline in
the number of active producers in the most recent years of the historical series reveals an
alarming scenario for the agricultural sector. This reduction may be linked to financial
constraints, changes in the rural producer profile, or even competition from more profitable and
less labor-intensive crops, among other factors (Rocha et al., 2025). Paiva (2019) notes that
guarana has been losing its appeal among younger generations, compromising the sector's
renewal and threatening its long-term sustainability.

Until the mid-20th century, Amazonas particularly the municipality of Maués held an
undisputed leadership in national guarana production, while Bahia and Mato Grosso were only
beginning to cultivate the crop, driven by the growing demand from soft drink manufacturers
(Homma, 2014). Considering national production figures, Amazonas exhibits the lowest
average yield among all guarand producing regions in Brazil, with productivity levels well
below those of other national players (IBGE, 2019; IBGE, 2023).

According to Homma (2014) and Silva et al. (2018), the expansion of the beverage
industry throughout the 20th century culminated in the enactment of the socalled “Juice Law”
(Decree-Law No. 5,823/1972, regulated in 1973), which encouraged the systematic cultivation
of guarand. The legislation required that soft drinks contain between 0.2 g and 2 g of guarana
per liter. In comparison, syrups had to include 1 g to 10 g per liter, allowing for a tenfold
variation between minimum and maximum thresholds. This regulatory milestone triggered a
substantial expansion of the planted area of guarana across all of Brazil's territory, especially in
Babhia.

According to CONAB (2024), the crop’s high added value transcends national borders,
with significant volumes being exported, particularly to North American and European markets
(CONAB, 2024). This growing global demand reinforces guarana’s strategic importance as a
regional product and a high-value commodity in international trade (Marques et al., 2016;
Marques et al., 2019; Brasil, 2022).

The product’s value is expressed through its incorporation into various industrial
segments, from carbonated beverages and energy supplements to pharmaceutical and
nutraceutical formulations (Brasil, 2022). This diversification of applications has elevated
guarand to a new status within global value chains, further intensifying international
competition and encouraging the development of more technologically advanced production
systems in other Brazilian states (Homma, 2012; Dias & Carvalho, 2017; Silva et al., 2018). In

this context, Amazonas continues to face a dual challenge: while it holds a symbolic and
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ecological centrality in the guarana narrative, it struggles with structural limitations that have
kept its average yields significantly lower than those of other producing states, such as Bahia
(IBGE, 2023). These productivity gaps and logistical and technical barriers threaten the state’s
long-term competitiveness in a market that increasingly demands efficiency, traceability, and
product standardization (Silva et al., 2018; Said et al., 2021; Rosa et al., 2024).

The fact that the number of producers is the variable with the most significant influence
on guarana production in Amazonas reveals a characteristic feature of production systems in
the Amazon region: the firm reliance on human labor due to the low level of mechaniza-tion in
production processes (Drummond, 1996; Gomes, 2018). This dynamic significantly limits
operational efficiency, particularly when considering large-scale production models, thereby
keeping the activity below its current technological productivity potential (Pindyck &
Rubinfeld, 2014; Varian, 2023).

Introducing new agronomic varieties aimed to expand cultivated areas and boost
productivity (Nascimento Filho et al., 2016). However, this potential is hindered by farmers'
low adoption of technological packages, an outcome reflecting the state sector's structural
realities. These include the predominance of small-scale family farming, the incomplete
implementation of good agricultural practices, and the lack of standardized protocols for
managing seeds and propagation materials, such as clones (Silva et al., 2018). Such
advancements have the potential to significantly increase productive yield significantly, making
the sector more competitive and attractive to investors and new farmers (Gongalves et al.,
2010). However, the true challenge lies in balancing economic efficiency with ecological
responsibility, ensuring that gains in productivity do not come at the expense of natural resource
degradation (Dias & Carvalho, 2017; Willerding et al., 2020).

On the other hand, the insignificant influence of the price paid to producers can be
explained by the low-price elasticity of supply, even when prices rise, producers are unable to
expand production due to structural bottlenecks, such as lack of infrastruc-ture and limited
access to essential inputs (Pindyck & Rubinfeld, 2014; Varian, 2023). Interestingly, despite
currently having lower productivity, the state of Amazonas sells its guarana at a higher price
than Bahia R$ 83.26/kg in Amazonas compared to R$ 44.57/kg in Bahia (Conab, 2025). This
situation is rooted in the regional commercial dynamics: while Amazonas has historically
benefited from stable, long term buyers, huge soft drink manufacturers located in the region
and taking advantage of fiscal incentives from the Manaus Free Trade Zone, Bahia’s production
faces logistical and tax related hurdles that limit its access to these same markets (Albertino et

al., 2012; Santos et al., 2021). These conditions are marked by deep income inequalities and
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the economic precariousness of rural areas, where most farmers face insurmountable barriers
to acquiring basic inputs and implementing technological solutions that could modernize their
cultivation systems (Homma, 2012; Gomes, 2018).

The strong correlation between production volume and the number of producers
reinforces a defining characteristic of Amazonian agriculture: its high dependence on family
labor (Drummond, 1996; Gomes, 2018). At the same time, the scarcity of technological
adoption continues to constrain productivity gains (Pindyck & Rubinfeld, 2014). Another
critical dimension is the gradual introduction of technological innovations adapted to local
conditions. The successful implementation of these innovations requires synergy among public
policies, private sector initiatives, and community-based organizations (Said et al., 2021; Santos
Sousa et al., 2022).

The relationship between production and productive yield indicates that the
implementation of improved agricultural techniques, such as proper soil management,
integrated pest control, and strategic crop renewal, could significantly enhance out-comes
(Silva et al., 2018; Hampf et al., 2020; Said et al., 2021). However, despite this potential,
productivity remains below expectations, primarily due to two interrelated challenges: the
limited adoption of these practices and the lack of standardized protocols for crop management
(Tricaud et al., 2016). As emphasized by Silva et al. (2018), this situation directly affects
production costs, which are inflated by low agricultural yields, a vicious cycle sustained by the
very absence of optimized management tech-niques. The weak correlation between production
and per capita income further illustrates that, although higher income levels may improve access
to agricultural inputs, their effectiveness is limited by deep structural inequalities and the
precarious conditions of rural areas (Homma, 2012; Zhang & Hu, 2020).

Similarly, the relationship between production and the average price paid to producers
reflects the low-price elasticity of supply: even when prices rise, producers are often unable to
increase output due to bottlenecks such as poor logistics and limited access to inputs (Pindyck
& Rubinfeld, 2014; Said et al., 2021; Rosa et al., 2024). This rigidity suggests that strategies to
enhance the value of guarana should prioritize efficiency gains through technological adoption,
rather than relying solely on price adjustments.

When considering these relationships together, it becomes evident that the guarana
supply chain in Amazonas requires multifaceted interventions to overcome its structural
challenges. One of the main obstacles is the weakness of local productive organizations. In
Maués, for instance, associations and cooperatives remain marginal actors within the

commercial structure, exerting limited influence over market dynamics (Silva et al., 2018).
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To reverse this situation, it is essential to strengthen collective arrangements, such as
cooperatives, to reduce excessive dependence on individual labor and scale up productivity
gains (Schroth et al., 2001). At the same time, it is crucial to disseminate technologies adapted
to family farming, emphasizing sustainable management and crop renewal, ensuring greater
productivity without compromising natural resources (Silva et al., 2022). However, these
measures will only reach their full potential if accompanied by a robust logistical integration,
reducing transportation and distribution costs and connecting producers to larger and more

competitive markets (Said et al., 2021).

CONCLUSION

This study provides a comprehensive econometric and structural analysis of the guarana
production chain in Amazonas, Brazil, over the 2010-2023 period. By combining descriptive
statistics, spatial temporal trends, and a fixed effects panel regression model, the research sheds
light on the main drivers and bottlenecks of guarana production at the microregional level.

The findings reveal that supply side factors predominantly shape guarana production in
Amazonas. Chief among them is the number of active producers, whose strong positive
influence underscores the sector's reliance on manual labor and its low degree of mechanization.
Productive yield emerges as a second critical determinant, highlighting the importance of
adopting improved agricultural techniques and technological innovation to boost efficiency.
However, widespread structural limitations, including limited access to inputs, lack of
standardized cultivation protocols, and insufficient institutional support, continue suppressing
the region’s productive potential.

Contrary to expectations, economic variables such as the average price paid to producers
and municipal per capita income showed weak or insignificant relationships with production
levels. These results reflect the rigidity of supply, stemming from logistical challenges and
infrastructural deficiencies, and emphasize that price signals alone are insufficient to drive
regional production growth.

Moreover, the analysis exposes substantial geographic asymmetries in productivity and
participation across microregions. While areas such as Médio Amazonas and Baixo Amazonas
maintain a dominant role in the supply chain, others remain margin-al, signaling opportunities
for targeted investments and capacity building.

The findings point to the urgent need for a multipronged strategy to ensure the long-
term sustainability and competitiveness of the guarana sector in Amazonas. This includes: (i)

strengthening local cooperatives and producer associations; (ii) disseminating context-
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appropriate technologies, particularly for smallholders; (iii) promoting institutional
arrangements that reduce market asymmetries; and (iv) improving infrastructure and logistics
to integrate isolated producers into broader commercial networks.

Ultimately, aligning policy interventions with the structural realities of Amazonian
agriculture is essential to enhance guarana production and support broader goals of sustainable
regional development. The results of this study may serve as a basis for future public and private

strategies aimed at revitalizing and diversifying agro-industrial chains in the Brazilian Amazon.
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Abstract

The processing of Paullinia cupana (guarana) generates significant by-products with potential
nutritional and functional properties; however, comprehensive safety and bioactivity
assessments are essential before its widespread adoption. To evaluate the total phenolic content,
and cytotoxicity of different P. cupana derivatives (powder, peel, pulp, and shell) to assess their
safety and potential functional applications in poultry nutrition. Cytotoxicity was evaluated
using fibroblast cells (MRC5) treated with guarana derivatives at concentrations from 3.9 to
500 pg/mL, with cell viability determined via Alamar Blue assay. Cytotoxicity assessment
revealed CCso values ranging from 178.5 + 17 pg/mL (guarana peel) to 214.1 + 30.5 pg/mL
(guarana powder), indicating low toxicity at moderate concentrations. Guarana powder
exhibited the most significant antioxidant activity (p=0.0069; p<0.0001; p=0.0034) compared
to other derivatives. Total phenolic content analysis showed that guarana powder and guarana
shell contained the highest levels of phenolic compounds at the 500 pg/mL concentration. The
correlation between low cytotoxicity and high phenolic content provides scientific evidence
supporting the safety and functional benefits of guarana derivatives, particularly guarana
powder and peel meal, for application in poultry nutrition. These findings corroborate previous
research, demonstrating that the inclusion of guarana peel meal in slow-growing broiler diets
has a positive effect on growth performance and meat quality, without adverse health effects,
thereby supporting its use as a sustainable alternative feed ingredient in production systems.

Keywords: alternative feed; guarana by-products; phenolic compounds; nutrition.

INTRODUCTION
The search for sustainable and functional feed ingredients has become increasingly

important in modern animal production systems (Santos et al., 2025), particularly as the
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industry faces challenges related to feed costs, environmental concerns, and consumer demands
for natural products. Agricultural by-products with bioactive compounds offer promising
alternatives that can simultaneously address nutritional requirements, enhance animal health,
and contribute to sustainable production practices (Lemes et al., 2022). In this context, Paullinia
cupana (guarana) by-products have emerged as potential functional feed ingredients due to their
rich phytochemical composition and biological activities (Fonseca Junior et al., 2020; Pinho et
al., 2021).

Guarana, a plant native to the Amazon basin, is primarily cultivated in Brazil (Schimpl
et al., 2013). The seeds are commercially exploited for their stimulant properties in beverages
and dietary supplements, generating significant quantities of by-products including peels,
shells, and pulp that are often discarded despite their potential value (Madison Patrick et al.,
2019). The antioxidant properties of plant-derived compounds are increasingly recognized for
their importance in animal nutrition, where oxidative stress can negatively impact growth
performance, immune function, and meat quality (Surai, 2016).

However, before incorporating novel feed ingredients into animal diets, comprehensive
safety assessments are essential to ensure they do not pose risks to animal health or product
quality. Cytotoxicity evaluations provide valuable information about the potential cellular
toxicity of compounds, helping to establish safe inclusion levels in feed formulations. For plant-
derived materials rich in bioactive compounds, such as guarana, cytotoxicity assessments are
critical, as some phytochemicals may exhibit dose-dependent effects, being beneficial at
specific concentrations but potentially harmful at higher levels.

However, the mechanisms underlying these effects and the relationship between the
chemical composition of guarana by-products and their functional properties in animal nutrition
remain incompletely understood. The present study aims to evaluate the cytotoxicity,
antioxidant activity, and total phenolic content of different guarana derivatives (powder, peel,
pulp, and shell) to assess their safety and potential functional properties for application in
animal nutrition.

Furthermore, the growing interest in circular economy principles within agricultural
systems has intensified research efforts toward valorizing agro-industrial waste streams
(Nesterov et al., 2024). Guarana processing generates substantial amounts of by-products that
represent both an environmental challenge and an economic opportunity. The transformation
of these residues contributes to the development of more sustainable and cost-effective animal
production systems. This approach aligns with global initiatives aimed at reducing the

environmental footprint of livestock production while maintaining or improving animal
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performance and product quality (Khairi, Maharani, Clarisa & Aditya, 2025). The
comprehensive characterization of guarana by-products’ bioactive properties and safety profiles
is therefore essential to support evidence-based decisions regarding their incorporation into
commercial feed formulations and to establish appropriate regulatory frameworks for their use

in animal nutrition.

MATERIAL AND METHODS
Sample Preparation and Processing

Paullinia cupana derivatives were acquired from the municipality of Maués, Amazonas,
Brazil, located 259 km from Manaus (Figure 1). Four different derivatives were evaluated:
guarana powder, guarana peel, guarana pulp, and guarana shell.
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Figure 1. Place of acquisition of Paullinia cupana derivatives.
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The processing of guarana fruits followed the following established protocols (Figure
2): 1) Manual harvesting of ripe guarana fruits; 2) Storage of the harvested fruits in baskets for
approximately three days, undergoing a fermentation process; 3) Guarana seeds; 4) Guarana
peels isolated as waste; 5) Drying of the guarana peels in a closed circulation oven at 105°C for
24 hours; 6) The seeds underwent a roasting process; 7) Removal of the film covering the seeds
(guarana shell); 8) Grinding of the roasted seeds without the film; 9) Guarana powder; 10)
Processing of the roasted seeds to extract the guarana extract, used in the production of

industrialized carbonated beverages; 11) Waste from the guarana extract extraction process,

known as guarana pulp; 12) Drying of the guarana pulp in a closed circulation oven at 105°C

for 24 hours.

Qle Ole

Figure 2. Stages of processing of guarana fruit and its by-products.

Cytotoxicity Assessment

Fibroblast cells (MRCS5) were obtained from cryopreservation at -80°C and cultured in
high-glucose DMEM medium supplemented with 10% inactivated fetal bovine serum (FBSi)
and incubated at 37°C with 5% CO.. After 24 hours, the fibroblasts were treated in triplicate
with guarana derivatives (powder, peel, pulp, and shell) at concentrations ranging from 3.9 to
500 pg/mL. DMSO (0.5%) was used as a negative control. After 72 hours of incubation, the

cells were exposed to a dose-response reaction using Alamar Blue® following the protocol
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described by Nakayama et al. (1997).
Cell viability was assessed using the Alamar Blue assay, which measures the metabolic
activity of viable cells. The cytotoxic concentration that reduces cell viability by 50% (CCso)

was calculated for each guarana derivative based on the dose-response curves.

Total Phenolic Content Determination

The total phenolic content of guarana derivatives was determined using the Folin-
Ciocalteu method. The assay involved incubating 10 puL of each guarana derivative (powder,
peel, pulp, and shell) at a concentration of 500 pug/mL with 50 puL of 50% Folin-Ciocalteu
reagent for 8 minutes at room temperature. After this incubation period, 240 pL of sodium
carbonate solution was added, followed by a further 3-minute incubation. The absorbance of
the samples was measured at 740 nm using a microplate reader (Multimode Detector DTX 800,
Beckman) according to the protocol described by Horszwald and Andlauer (2011). All analyses

were conducted in triplicate, and the results were expressed as percentages.

Statistical analyses

The Cytotoxicity Assessment statistical analysis was performed using Two-way
ANOVA and Tukey's test with a significance level of p < 0.05, comparing all treatments to the
negative control. The total phenolic content data were analyzed using Two-way ANOVA
followed by Tukey's test with a significance level of p < 0.05, comparing all treatments to the
positive control. The half-maximal inhibitory concentration (ICso) was determined for each

sample through linear regression analysis.
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Figure 3 describes the dose-response curves of human lung fibroblasts (MRC-5)

following 72 h exposure to guarana powder, guarana peel, guarana pulp and guarana shell (0.5

% DMSO as negative control), using the Alamar Blue® assay.
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Figure 3. Cytotoxicity of fibroblasts (MRC5) exposed to guarana derivatives: guarana

powder, guarana peel, guarana pulp, and guarana shell at concentrations ranging from 3.9 to

500 pg/mL — negative control, 0.5% DMSO for 72 hours. The dose-response reaction was

performed using Alamar Blue®. Statistical analysis was conducted using Two-way ANOVA

and Tukey's test — p < 0.05. Asterisks denote significant differences (**p<0.05; ***p<0.01;

***%p<(0.001) when compared with negative control.

In Figure 3A, it can be seen that guarana powder showed a significant reduction in

viability at concentrations of 125 to 500 pg/mL, resulting in a CCso of 214.1 = 30.5 pg/mL.

However, Figure 3B shows that guarana peel induced cytotoxicity at most concentrations tested

(> 7.8 pg/mL), with a CCso of 178.5 = 17.0 pg/mL. In Figure 3C, it can be seen that guarana

pulp reduced cell viability from 63 to 500 pg/mL, resulting in a CCso of 187.3 £ 15.7 ug/mL.

On the other hand, guarana peel presented a toxicity profile comparable to the other fractions,

with CCso 0f 202.0 £ 24.7 ug/mL (Figure 3D).
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Total Phenolic Content
The total phenolic content of guarana derivatives at a concentration of 500 pg/mL is

presented in Figure 4.

w
1

Guarana Shell

. Guarana Pulp

Guarana Peel

Total Phenolic Content (%)
- N

. I

Guarana Shell Guarana Powder  Guarana Pulp Guarana Peel
Guarana and derivates

Figure 4. Total phenolic content of guarana derivatives—powder, pulp, peel, and shell—at

500 pg/mL. Data are presented as mean = SEM (n = 3).

At 500 pg/mL, guarana shell exhibited the highest phenolic content (3.0 = 0.2 % GAE),
followed by guarana powder (2.5 = 0.1 % GAE). Both were significantly greater than guarana
pulp (0.4 + 0.05 % GAE) and guarana peel (0.1 = 0.02 % GAE) (p < 0.05). No significant
difference was observed between shell and powder (p > 0.05). These data suggest that the
processing methods yielding the powder and shell fractions preserve phenolic compounds more

effectively than those producing the pulp and peel by-products.

DISCUSSION
Safety Profile Based on Cytotoxicity Assessment

The cytotoxicity results revealed that all guarana derivatives exhibited relatively low
toxicity at moderate concentrations, with CCso values ranging from 178.5 to 214.1 ug/mL.
These values are considerably higher than those typically associated with highly toxic

substances, suggesting that guarana derivatives can be safely incorporated into animal feeds at

Guarana Powder
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appropriate inclusion levels.

The observed cytotoxicity profile aligns with previous research by Santos et al. (2024),
which demonstrated that inclusion of P. cupana peel meal (PCPM) at levels up to 10% in slow-
growing broiler diets did not adversely affect health parameters, in that study, broilers fed diets
containing PCPM showed normal hematological and serum biochemical parameters, with some
beneficial effects observed, such as decreased blood triglyceride levels. Similarly, Behera et al.
(2019) found that supplementation with citrus residues up to 5% of cholesterol and triglycerides
improved the antioxidant status in broiler chickens.

The relatively higher CCso value of guarana powder (214.1 &+ 30.5 pg/mL) compared to
other derivatives suggests that it may have the most favorable safety profile. However, all
derivatives showed acceptable safety levels, indicating that various guarana by-products could
potentially be utilized in animal nutrition with minimal risk of toxicity when used at appropriate
inclusion rates. Studies show that guarana powder is safe when used correctly (Roggia et al.,
2020; Patrick et al., 2019). Furthermore, laboratory tests indicate that its possible toxic effect
depends on the quantity: in moderate doses, there is no risk (Santa Maria et al., 1998).

Furthermore, research on the infusion of Plectranthus barbatus leaves revealed toxic,
cytotoxic and genotoxic effects on Allium cepa root meristems, including inhibition of root
growth, decreased mitotic index and chromosomal aberrations (Bezerra & Oliveira, 2016). The
antimicrobial peptide P34, isolated from an Amazonian fish, showed different levels of toxicity
in several cell lines, with RK13, MDBK and MDCK cells tolerating higher concentrations
(Fernandes et al., 2016). Cytotoxicity assessments are crucial for initial biocompatibility

assessments, but have limitations in clinical correlations (Heggendorn et al., 2020).

Total Phenolic Content and Its Implications

The analysis of total phenolic content revealed that guarana powder and shell contained
the highest levels of phenolic compounds among the derivatives tested. Phenolic compounds
are known for their potent antioxidant properties and potential health benefits (Shahidi and
Ambigaipalan, 2015; Arnoso et al., 2019; Gonzalez-Barraza et al., 2017), making them
valuable components in functional feed animal ingredients (Jiang et al., 2024).

The high phenolic content observed in guarana powder correlates with its superior
antioxidant activity, suggesting that phenolic compounds are major contributors to the
antioxidant properties of guarana derivatives. This finding is consistent with previous research

on guarana, which has identified various phenolic compounds, including catechins,
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epicatechins, and proanthocyanidins, as key bioactive constituents (Santos et al., 2024; Rocha
et al., 2024)

The presence of these bioactive compounds in guarana derivatives may confer
additional functional benefits beyond their antioxidant properties. Phenolic compounds have
been associated with various biological activities, including anti-inflammatory, antimicrobial,
and immunomodulatory effects (Shahidi and Ambigaipalan, 2015; Silva et al., 2019), which
could contribute to improved animal health and performance when incorporated into feeds.

Studies demonstrate their potential in the prevention and treatment of diseases such as
diabetes, obesity, and cancer. The bioavailability of these compounds is crucial for their
effectiveness and depends on factors related to food and physiology in humans (Arnoso et al.,
2019). Some phenolic compounds, such as flavonoids and tannins, can act as agents that modify
bacterial resistance, enhancing the action of antibiotics against resistant Staphylococcus aureus
(Miklasinska-Majdanik et al., 2018). Although promising, it is important to consider that high
concentrations of phenolic compounds can pose risks to the body, highlighting the need for

further studies on their therapeutic use (Vargas & Bellaver, 2022).

Implications for Sustainable Animal Production

The utilization of guarana by-products as alternative feed ingredients not only provides
a solution for agricultural waste management but also offers potential functional benefits for
animal health and performance. The incorporation of guarana derivatives into animal feeds
aligns with the principles of circular economy and sustainable resource use (Santos et al., 2024),
as it transforms what would otherwise be waste materials into valuable feed ingredients
(Georganas et al., 2023). This approach can contribute to reducing the environmental footprint
of animal production by decreasing reliance on conventional feed ingredients that compete with
human food production (Pérez-Palencia and Bolivar-Sierra, 2023; Souza et al., 2024).

Moreover, the functional properties of guarana derivatives, particularly their antioxidant
activity and high phenolic content, suggest that they may confer additional health benefits
beyond basic nutrition. This aspect is increasingly important in modern animal production
systems, which aim to reduce the use of antibiotics and other synthetic additives by
incorporating natural functional ingredients that promote animal health and welfare (Casillo-

Lopez et al., 2017; Almeida et al., 2022).
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CONCLUSION

The cytotoxicity assessment demonstrated that guarana derivatives exhibit relatively
low toxicity at moderate concentrations, with CCso values ranging from 178.5 to 214.1 pg/mL.
At the same time, the total phenolic content analysis showed that guarana powder and shell
contain the highest levels of phenolic compounds.

The correlation between low cytotoxicity and high phenolic content provides a
mechanistic explanation for the beneficial effects observed in vivo, strengthening the scientific
basis for using guarana by-products as alternative feed ingredients. This strategy aligns with
the growing demand for sustainable and functional animal feeds that contribute to enhanced
production efficiency, improved product quality, and responsible environmental stewardship.
Future research should focus on optimizing inclusion levels of different guarana derivatives in
animal diets, investigating their effects on specific aspects of animal health and performance,

and exploring potential synergistic effects with other feed ingredients.
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Abstract

Context: Animal feed production systems have been suffering from a shortage of feedstuffs
due to competition for these resources with human food consumption. The use of by-products
can increase efficiency and circularity in production chains, reducing this competition. Aims:
This study investigated the impacts of Paullinia cupana peel meal (PCPM) on the growth
performance, meat quality, and hematological and serum biochemical parameters of slow-
growing broilers. Methods: Two hundred and forty slow-growing male Label Rouge broilers
were distributed in a completely randomized experimental design. The treatments consisted of
inclusion levels of PCPM (0%, 2.5%, 5.0%, 7.5%, and 10%) in the diets, with four replicates
of 12 birds each. Growth performance data, and hematological and serum biochemical
parameters were monitored. Twelve broilers per treatment were slaughtered to meat quality
analysis. Key results: In the starter stage, there was a significant increase (p<0.05) in feed

intake and weight gain with increasing PCPM levels in the diets. However, this effect
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diminished in the final stage. Even with a reduction (p<0.05) in feed intake during the final
stage, the broilers showed an increase (p<0.05) in weight gain and improvement (p<0.05) in
feed efficiency in the cumulative performance. Broilers fed higher PCPM levels in the diets had
lower (p<0.05) concentrations of erythrocytes and blood triglycerides, as well as a decreased
hematocrit percentage. However, these broilers exhibited higher (p<0.05) results for MCH and
MCHC. Broilers fed higher PCPM levels in the diets were heavier (p<0.05) at slaughter, with
higher (p<0.05) carcass yield, greater (p<0.05) liver, gizzard, and heart weight, increased breast,
drumstick, and thigh yields, and higher moisture and lipid contents in the breast. Conclusions:
The high inclusion levels of PCPM in diets for slow-growing broilers positively impacts growth
performance, meat quality, and yields of valuable cuts, though it increases moisture and
decreases protein in breast meat, affecting some blood parameters. Implications: This study
emphasizes the potential advantages of using PCPM as an alternative food in diets for slow-
growing broilers to improve the productivity and health of a sustainable livestock.

Keywords: alternative food, Amazon, feed efficiency, poultry science, sustainability.

INTRODUCTION

he current structure of the global food system presents a suboptimal availability of
feedstuffs for animal feed, as many resources are being used for human consumption (Mottet
et al., 2017; Sandstrom et al., 2022). In this context, the use of by-products and crop residues
from food production chains as feedstuffs in animal diets has been proposed to meet this
demand and improve the efficiency of these production chains (Van Kernebeek et al., 2016;
Ro6s et al., 2017), consequently reducing competition for food (Van Zanten et al., 2018),
promoting the concept of a circular economy in these chains (Van Hal et al., 2019; Billen et al.,
2021), and causing an economically beneficial due to their potential widespread availability
and low cost (Yang et al., 2021).

Rufino et al. (2015), Cruz et al. (2016), Monteiro et al. (2024), Clement et al. (2024),
and Rosenfeld et al. (2024) identified the Brazilian Amazon and its production chains as a
notable case where this scenario frequently occurs, with a wide variety of native species being
exploited for their economic, technological, and nutritional potential, generating residues that
can be used in animal feed. Among these, Paullinia cupana stands out due to its great nutritional
properties, including volatile and fixed constituents, starch, protein, tannins, and caffeine
(Sousa et al., 2010; Santana et al., 2018; Hack et al., 2023), in addition to the fact of its
processing yields organic residues with biological potential for reuse.

Paullinia cupana, also popularly known as guarand, guarana-da-amazonia, guaranaina,
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guaranauva, uarana, or narana, is an Amazon native plant of the Sapindaceae family. It exhibits
vigorous growth, with branches reaching up to 10 m in height, produces capsule-format fruits
with septicidal dehiscence and a developed peduncle. The fruit starts with a dark green color
and matures to shades ranging from yellow-orange to bright red. The seeds are covered by thick
white films (Schimpl et al., 2013; Filoche and Pinton, 2014; Pinho et al., 2021). Currently,
Paullinia cupana plays a significant role in Latin America agribusiness, where Brazil is the
world's largest producer, catering to major markets like the US, EU, Japan, and China (Ferreira
etal., 2021; Pinho et al., 2021).

From this, it was hypothesized that the use of Paullinia cupana peel meal (PCPM) could
be employed as an alternative food in diets for slow-growing broilers due to the rich nutritional
properties of Paullinia cupana and its potential in produce a considerable volume of residues
after the processing (Cruz and Rufino, 2017; Oliveira, 2018; Ali et al., 2021). This approach,
paired with sustainable animal production practices like using breeds with slightly reduced
growth or productivity but with proportional growth and better environmental adaptability,
contributes to the emerging green revolution in animal production (Schader et al., 2015; Van
Hal et al., 2019; Vastolo et al., 2022). Based on this information, the present study was
conducted to investigate the impacts of Paullinia cupana peel meal (PCPM) on the growth
performance, meat quality, and hematological and serum biochemical parameters of slow-

growing broilers.

MATERIAL AND METHODS
Acquisition and composition analysis of PCPM

Paullinia cupana residues were acquired in the municipality of Maués, Amazonas,
located 259 km from Manaus, the state capital. The entire process of processing Paullinia
cupana, obtaining its by-products, and processing these by-products to obtain PCPM followed
these steps: 1) The ripe Paullinia cupana fruits were manually harvested; 2) the collected fruits
were stored in baskets for approximately three days, undergoing a fermentation process; 3) the
fruits were separated into seeds and peels; 4) the peels were set aside as residues; 5) the seeds
were processed for the extraction of Paullinia cupana extract, which is used in the production
of carbonated beverages by the beverage industry; 6) the Paullinia cupana peels underwent a
drying process in a closed-circulation oven at a temperature of 105°C (221°F) for 24 hours; 7)
the dried Paullinia cupana peels were ground in a grain grinder using sieves with hole diameters
similar to those used for corn (4 mm); and 8) the final product, called PCPM, was bagged and

stored in a dry and airy place to be used in the preparation of experimental diets. It is important
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to highlight that the yield of PCPM relative to the raw product (peels before drying) was
84.32%.

To determine the price of the feeds and production costs, only the per-kilogram values
of the feedstuffs used and their updated prices in the region during the experiment were
considered. These were: corn, $1.66; soybean meal, $3.65; limestone, $0.73; dicalcium
phosphate, $4.50; salt, $0.83; DL-Methionine 99%, $51.00; and $28.35/kg (average price) for
mineral and vitamin supplements (F1 - initial; F2 - final). For the calculation of PCPM costs,
only transportation and handling expenses (labor) were considered, estimating the price per
kilogram of the product at $0.30. Fixed costs consisted of depreciation of facilities and
equipment (maintenance, water, electricity, among others), with capital interest remaining
unchanged in the short term and considered constant across all treatments. Variable costs
included only expenses for bird feed and labor.

Before conducting the experiment, the proximate composition of PCPM (Table 1) was
determined at the Fish Technology Laboratory of the Federal University of Amazonas (UFAM).
The dry matter content was determined in an oven at 105 °C (221 °F) according to AOAC
method 925.10 (2019); minerals content was determined by calcination in a muffle furnace at
550 °C (1022 °F) following AOAC method 923.03 (2019); lipid content analyses followed
AOCS method Ba 3-38; total proteins were determined using the Kjeldahl method, following
AOAC method 920.87 (2019); and the determination of fibers content (crude fiber, neutral
detergent fiber (NDF) and acid detergent fiber (ADF)) was performed according to the methods
described by Van Soest et al. (1991).

Table 1. Paullinia cupana peel meal composition.

Variables Values
Dry matter, % 89.11
Crude protein, % 18.72
Fats, % 5.36
Minerals, % 5.33
Crude fiber, % 44.04
Neutral detergent fiber, % 61.34
Acid detergent fiber, % 33.33

Soluble carbohydrates, % 26.55
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Gross energy, kcal/kg 6,752.61
Metabolizable energy”, kcal/kg 4,227.20"

" Determined by the apparent metabolizable energy calculation method described by Sakomura

and Rostagno (2016) and Rostagno et al. (2024)

Facilities, animals, diets and experimental design

The current experiment was conducted in an aviary with ceiling height of 3.25 m, with
structural adaptations to improve bird welfare. Ventilation occurred naturally, with the aviary
being fully surrounded by trees to ensure a pleasant and comfortable environment for the birds.
The temperature and relative humidity were monitored using a small digital weather station,
registering averages of 27.6 °C (81.68 °F) and 62.3%, respectively. Throughout the entire
experimental period, the broilers were monitored for signs of thermal stress caused by the
environment, a situation that was not observed during all this time. It is important to mention
that the experiment was conducted during the rainy season in the Amazon, which occurs
between November of one year and April of the following year, where temperatures are cooler
and provide a pleasant environment for animal management.

Slow-growing male Label Rouge broilers (n = 240) produced by the incubation center
of the Research Poultry Farm of UFAM were used. Initially, the 1-day-old broilers (43.57+0.59
g) were housed in a protective circle with wood shavings, tray-type feeders, and cup-type
drinkers at a density of 50 birds/m?, with a central electric heating source, until they reached 7
days old. With 8 days-old, the broilers were distributed in the experimental groups in pens
measuring 4 m? each, equipped with tubular feeders, hanging drinkers, and wood shavings
covering the floor. The experimental stages were divided into starter (8-28 days) and final (29-
56 days). The birds had ad libitum access to feed and water during all the experimental period.
A lighting program suitable for slow-growing broilers was used (Wu et al., 2022).

The experimental design was completely randomized, with treatments comprising a
control diet (without PCPM) and four levels of PCPM inclusion (2.5%, 5.0%, 7.5%, and 10%)
in the diets, with four replicates of 12 birds each. Experimental diets (Table 2) were formulated
based on reference values reported by Rostagno et al. (2024), except for PCPM composition,
which used values from prior product composition analyses performed in this study. The
metabolizable energy value for PCPM was determined using method described by Sakomura
and Rostagno (2016) and Rostagno et al. (2024), where a small digestibility trial was conducted

prior to the main experiment, with the collected feed and feces samples being analyzed in the
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laboratory.

PCPM was a fixed component in the diet calculations, with other ingredient values
adjusted based on PCPM inclusion levels. Diets were formulated using SuperCrac software (TD
Software®, Vigosa, Brazil). The composition of these diets was analyzed to confirm their
proximate composition according to the methods described by the AOAC (2019), where
moisture content was determined according to method 925.10; minerals content was determined
following method 923.03; lipid content analyzes followed the method Ba 3-38; total proteins
content was determined according to the method 920.87; and the determination of fibers content
(crude fiber, NDF and ADF) was performed according to the methods described by Van Soest
et al. (1991).



125

Table 2. Experimental diets composition.

Pre-starter Starter (8 to 28 days) Final (29 to 56 days)
Feedstuffs
(1 to 7 days) 0 2.5 5 7.5 10 0 2.5 5 7.5 10
Corn 7.88% 58.07 58.07 54.68 51.06 47.45 43.83 63.34 62.88 59.99 56.37 52.75
Soybean meal 46% 38.32 38.35 38.69 39.06 39.44 39.82 32.53 30.64 30.89 31.27 31.64
Paullinia cupana peel meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2.50 5.00 7.50 10.00
Limestone 0.93 0.82 0.82 0.81 0.80 0.79 1.02 1.02 0.76 0.75 0.74
Dicalcium phosphate 1.79 1.79 1.80 1.81 1.82 1.83 1.55 1.58 1.59 1.60 1.61
Sodium chloride 0.30 0.10 0.27 0.27 0.27 0.28 0.53 0.34 0.28 0.28 0.28
VMS 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.502 0.502 0.50% 0.50% 0.502
DL-methionine 99% 0.10 0.10 0.11 0.12 0.12 0.13 0.03 0.04 0.05 0.55 0.06
Soybean oil 0.00 0.27 0.64 1.37 2.09 2.82 0.50 0.50 0.96 1.19 2.41
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Price, $/kg 3.18 3.08 3.11 3.14 3.17 3.20 2.97 2.90 2.90 2.93 2.96
Nutrients Guarantee levels®
Metabolizable energy, kcal/kg 3,000.00 3,100.00  3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00
Dry matter, % 87.88 87.88 87.76 87.66 87.56 87.46 87.89 87.66 87.49 87.39 87.29
Crude protein, % 22.50 21.00 21.00 21.00 21.00 21.00 19.50 19.50 19.50 19.50 19.50
Calcium, % 0.94 0.90 0.90 0.90 0.90 0.90 0.80 0.80 0.80 0.80 0.80
Available phosphorus, % 0.46 0.45 0.45 0.45 0.45 0.45 0.40 0.40 0.40 0.40 0.40
Sodium, % 0.15 0.19 0.15 0.15 0.15 0.15 0.25 0.18 0.15 0.15 0.15
Crude fiber, % 3.40 3.40 4.39 5.37 6.35 7.33 3.16 4.07 5.06 6.04 7.02
NDF, % 12.07 12.07 11.73 11.37 11.01 10.65 11.84 11.52 11.22 10.87 10.51
ADF, % 4.97 497 4.88 4.79 4.70 4.60 4.70 4.54 4.46 4.36 4.27
Total lysine, % 1.21 1.21 1.21 1.21 1.22 1.22 1.06 1.01 1.01 1.01 1.01
Total methionine, % 0.45 0.45 0.45 0.46 0.46 0.47 0.35 0.35 0.35 0.35 0.36
Total methionine + cystine, % 0.80 0.80 0.80 0.80 0.80 0.80 0.68 0.67 0.66 0.66 0.66
Total threonine, % 0.87 0.87 0.87 0.86 0.86 0.85 0.79 0.75 0.75 0.74 0.74
Total tryptophan, % 0.28 0.28 0.28 0.28 0.28 0.29 0.25 0.24 0.24 0.24 0.24

! Vitamin/mineral supplement — starter — content in 1 kg of diet = Folic Acid 4 mg, Pantothenic Acid 62.500 mg, Antioxidant 0.0025 g, Biotin 0.2 mg, Niacin 168 mg, Selenium
1.5 mg, Vit. A 33.500 UI, Vit. B1 8.75 mg, Vit. B12 48 mcg, Vit. B2 24 mg, Vit. B6 12.5 mg, Vit. D3 8,000 UI, Vit. E 70 mg, Vit. K3 7.2 mg, Manganese 375 mg, Zinc 250
mg, Iron 250 mg, Copper 40 mg, lodine 3.75 mg.

2Vitamin/mineral supplement — final — content in 1 kg of diet = Pantothenic Acid 35.35 mg, Antioxidant 0.0025 g, Niacin 102 mg, Selenium 1 mg, Vit. A 9,800 UI, Vit. B12
23.5 meg, Vit. B2 12 mg, Vit. D3 2,750 UI, Vit. E 50 mg, Vit. K3 2.75 mg, Manganese 375 mg, Zinc 250 mg, Iron 250 mg, Copper 40 mg, lodine 3.75 mg.

3 Analyzed and calculated levels in Dry Matter.
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Growth performance and meat quality

The growth performance of broilers was assessed both individually in each stage (initial
and final) and in a cumulative way. The growth performance variables evaluated in this study
included feed intake (kg/bird), weight gain (kg/bird), and feed efficiency (kg/kg). Feed intake
for each stage was calculated by dividing the total feed consumed by the number of birds in
each pen. Weight gain was determined by dividing the total pen weight by the number of birds,
relative to the previous weighing. Feed efficiency was computed as the ratio of total feed
consumed to weight gain. Combining data from all stages allowed for a comprehensive
assessment of these parameters.

At 56 days of age, following a 12-hour fast, 12 birds from each treatment were randomly
chosen for meat quality analysis. These birds were weighed, electrically stunned (40 V; 50 Hz),
and slaughtered by cutting the jugular vein. Carcasses were then scalded in hot water (60 °C/140
°F for 62 s), plucked, and eviscerated following recommendations by Mendes and Patricio
(2004) to determine carcass yield (%) and the yields of the main economically significant
viscera (liver (g/bird), gizzard (g/bird) and heart (g/bird)) and foot (g/bird).

Commercial cuts (neck, breast, wing, back, thigh, and drumstick) were separated and
weighed using an analytical balance (0.01 g), calculating their yields as a percentage relative to
the clean carcass. Samples of breast meat from these carcasses were collected and immediately
sent to the laboratory for determination of their proximate composition (percentages of
moisture, minerals, fats, and proteins) determined according to the methods described by

AOAC (2019).

Hematological and serum biochemical parameters

Before slaughter, the selected broilers, 12 per treatment, underwent blood collection.
One milliliter of blood was collected from the broilers directly from the ulnar vein, using
disposable syringes containing heparin anticoagulant (5000 IU per sample). These samples
were immediately centrifuged at 7,000 rpm for 10 minutes to separate the red blood cells for
evaluation of hematological parameters and the plasma used for analysis of serum biochemical
parameters.

These samples were identified and preserved at -4 °C (24.8 °F) throughout the process
to be sent to the laboratory. In the analysis of hematological parameters, the collected blood
was used for the count of circulating erythrocytes (M/mm?*) using a Neubauer chamber after

dilution in formaldehyde-citrate and toluidine blue, and visualized using an optical microscope



127

(Nikon Eclipse E-50i, DM3000, Tokyo, Japan) with a 40x objective lens.

The hemoglobin concentration (g/dL) was determined by the cyanomethemoglobin
method, while the hematocrit (%) by the microhematocrit method (Goldenfarb et al., 1971),
with centrifugation of heparinized microcapillary tubes at 12,000 rpm for 5 minutes (Aride et
al., 2018). Through these analyses, the mean corpuscular volume (MCV, pum?®), mean
corpuscular hemoglobin (MCH, pg/cell), and mean corpuscular hemoglobin concentration
(MCHC, g/dL) were calculated according to Wintrobe (1934) and Tavares-Dias and Moraes
(2004).

In the analysis of serum biochemical parameters, the remaining plasma samples after
centrifugation were subjected to commercial enzymatic-colorimetric assay kits according to the
manufacturer's specific recommendations, and the readings were taken on a mass
spectrophotometer (model K37-UVVIS, Kasvi®, Sio José dos Pinhais, Brazil) at a specific
wavelength for each assay. The biochemical parameters analyzed were the concentrations of

total proteins, triglycerides, glucose, cholesterol, and albumin.

Statistical Analyses
The adopted statistical model was as follows:
Yie =+ oy + €
where:
Yik = Observed value for the variable under study;
p = Overall mean of the experiment;
a; = Effect of the PCPM levels;

€ik = Experimental error.

All data were analyzed using the R software (2021), with commands executed according
to Logan (2010). Initially, the data were subjected to one-way ANOVA (Analysis of Variance),
with Tukey's Honest Significant Difference test applied at a 0.05 significance level.
Subsequently, the results of significant variables (p<0.05) were also subjected to correlation
and polynomial regression analysis to examine the influence of the independent variable
(PCPM levels) on the dependent variables (Chatterjee; Hadi; Logan, 2010). The mathematical
model, whether linear (Y = a + bx) or quadratic (Y = ¢ + bx + ax?), was chosen based on criteria
that determined which model best expressed the data behavior (Dormann et al., 2013), with R-
squared values considered as one of these criteria (Chatterjee; Hadi, 2006; Dormann et al.,

2013).
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Ethics approval

The Animal Ethics Committee of Federal University of Amazonas approved the study
under protocol number 010/2022. All animal manipulations were performed according to the
Brazilian Code for the Care and Use of Animals for Scientific Purposes and reported in
proportion to guidelines and regulations of Animal Research: Reporting of In Vivo Experiments

(ARRIVE).

RESULTS
Growth performance

The growth performance analysis of slow-growing broilers in the starter stage indicated
a significant effect (p<0.05) of PCPM inclusion on feed intake and weight gain (Table 3), with
the increasing inclusion of PCPM causing a linear increase in these variables, that is, the 10%
inclusion level of PCPM providing higher results. However, in the final stage, feed intake and
feed conversion showed an opposite behavior, with the increasing inclusion of PCPM reducing
(p<0.05) the broilers' feed intake, and the 10% inclusion level of PCPM providing better feed
efficiency result. In this sense, weight gain in this stage increased (p<0.05) linearly as the
inclusion of PCPM in the diets increased.

When observing the cumulative growth performance, it was found that the inclusion of
PCPM did not significantly affect (p>0.05) the cumulative feed intake considering the entire
evaluated period. However, the cumulative results of weight gain and feed conversion showed
that these variables were significantly influenced (p<0.05) by the inclusion of PCPM, with
weight gain increasing linearly and feed conversion improving as the levels of PCPM in the
diets increased, that is, the 10% inclusion level of PCPM providing better cumulative weight

gain and feed conversion results.
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. 5 Paullinia cupana peel meal levels, % p-value? CV4 % COR’® MM® R?
Stage  Variables® =405 2.50 5.00 7.50 10.00
FI 1.43+0.13>  1.48+0.15> 1.69+0.28* 1.71+0.162 1.74+0.032  <0.01 7.52 0.47 Y =1.44 +0.034x 0.87
Starter WG 0.87+£0.09> 0.94+0.06> 0.98+0.022> 1.01+0.03* 1.06+0.02*  <0.01 2.33 0.42 Y =0.882 +0.018x 0.97
FC 1.64+0.44  1.57+0.47 1.72+0.58 1.69+0.13 1.64+0.06 0.10 8.28 - - -
FI 2.95+0.36 3.01+0.32* 2.98+0.46* 3.01+£0.36* 2.63+0.19° 0.05 12.64 -0.08 Y =2.9269+0.0681x - 0.0094x> 0.85
Final WG 1.03£0.14°> 1.04+0.11> 1.01+0.03> 1.03+0.04> 1.16+0.012 0.05 10.69 0.20 Y =1.004 + 0.01x 0.43
FC 2.86+0.382 2.89+0.45* 2.95+0.67*> 2.92+0.55* 2.27+0.06° 0.05 4.59 -0.36 Y =2.8049+0.1197x - 0.0166x> 0.86
FI 438+0.28 4.49+0.45 4.67+0.74  4.7240.34  4.37+0.03 0.09 5.35 - - -
General WG 1.90+0.24> 1.98+0.18> 1.994+0.06" 2.04+0.072> 2.22+0.02*  <0.01 4.69 0.29 Y =1.886 + 0.028x 0.85
FC 2.31+0.100 2.27+0.45* 2.35+0.61* 2.31+0.222 1.97+0.02> <0.01 4.58 -0.34 y =2.262 + 0.058x - 0.0083x> 0.81

I All data represent the average of 48 replicates (broilers) per treatment.

2 FI = Feed intake (kg/bird). WG = Weight gain (kg/bird). FC = Feed conversion (kg/kg).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.
4 CV = Coefficient of variation.
5 COR = correlation coefficient between the independent variable (PCPM levels) and the dependent variable analyzed.

MM = Mathematical model adjusted according to the influence of the independent variable (PCPM levels) on the dependent variabl
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Hematological and serum biochemical parameters

In the results of hematological parameters (Table 4), higher levels of PCPM inclusion
in the diets led to a reduction (p<0.05) in the concentration of erythrocytes and the percentage
of hematocrit in the evaluated slow-growing broilers. In contrast, there was a significant
increase (p<0.05) in the results of MCH and MCHC in these broilers. In the results of serum
biochemical parameters (Table 4), only the concentration of triglycerides was significantly
influenced (p<0.05) by the inclusion of PCPM in the diets, where the higher levels of PCPM in

the diets caused a linear reduction in blood triglycerides concentration.

Meat yield and quality

The slaughter weight and carcass yield (Table 5) of slow-growing broilers were
significantly influenced (p<0.05) by the inclusion of PCPM in the diets, where higher levels of
PCPM in the diets, especially the 7.5% and 10% inclusion levels, resulted in heavier (>2kg)
broilers at slaughter and with higher carcass yield (>79%). Similarly, as the levels of PCPM
inclusion in the diets increased, occurred a linear increase (p<<0.05) in the weights of the liver,
gizzard, and heart of the evaluated slow-growing broilers, where the 7.5% and 10% inclusion
levels provided better results.

Evaluating the commercial cuts (Table 5), as the levels of PCPM inclusion in the diets
increased, slow-growing broilers showed higher (p<0.05) breast, thigh, and drumstick yields,
however, these broilers exhibited proportionally lower (p<0.05) yields of back, wings, and
neck. In the proximate composition of the breasts (Table 6), it was observed that the moisture
and lipid contents increased linearly (p<0.05) as the levels of PCPM in the diets of slow-
growing broilers increased. Conversely, there was a linear reduction (p<0.05) in the mineral

and protein contents of these broilers' breasts.
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Table 4. Hematological and serum biochemical parameters of slow-growing broilers fed diets containing Paullinia cupana peel meal'.

. . Paullinia cupana peel meal levels, % - CV* COR’ MM® R2
Analysis  Variables’ 0.00 2.50 5.00 7.50 10.00 valfue3 %
HEMOG  10.61+1.81 10.87+1.55 9.79+1.51 9.75+1.28 10.48+1.54  0.16 1533 - - -
. ERI 3.00+0.07° 3.00£0.09° 2.90+0.21° 2.97+0.15° 221£0.16>  <0.01  12.05 -0.35 Y =2.9451+0.0899x - 0.0154x>  0.83
= HEMAT  29.75£1.57*°  30.25+2.23*  30.18+2.53*  20.81£2.21*  28.1241.75"  0.03  7.37 -0.13 Y =29.764 +0.2654x - 0.0348x>  0.98
5 MCV 99.19£6.70°  100.9948.97°  104.24+10.42° 100.57+14.41> 127.83%6.97° <0.01 13.61 029 Y =98.772+ 1.9366x - 0.2188x> 0.74
T MCH 35.4046.22°  36.25+5.01°  33.69+4.27°  44.18+5.45°  3541£5.82°  <0.01 17.41 0.17 Y =36.223 - 1.9408x + 0.3856x>  0.79
MCHC 35.66+5.62 36.11+5.47 32.4243.51 34.98£5.92 35364636 035 1572 - - -
_ TP 3.15+0.40 3.54+0.56 3.53+0.38 3.26+0.61 4.72+0.88 017 878 - ; ;
£ TRI 134.63£99.77°  100.97+23.11°  57.25£11.40°  54.13%19.50°  40.25+21.20° <0.01  7.93 -0.44 Y =129.53 - 11.409x 0.91
S GLU  230.88+35.95 219.97+52.80 214.34+35.52  227.92457.52 2244342694 094  8.54 - - -
2 CHO  189.46+£52.16 175.28450.13  195.12442.22  192.66+48.65 189.03+64.25 038  2.89 ; - -

ALB 3.12+0.70 2.64+0.60 3.40+0.80 3.20+0.44 3.36+0.71 0.20 2.23 - - -
I All data represent the average of 12 replicates (broilers) per treatment.

2 HEMOG = Hemoglobin (g/dL). ERI = RBC erythrocytes (M/mm?). HEMAT = Hematocrit (%). MCV = Mean Corpuscular Volume (um?). MCH
= Mean Corpuscular Hemoglobin (pg/cel). MCHC = Mean Corpuscular Hemoglobin Concentration (g/dL). TP = Total Proteins (g/dL).
TRI = Triglycerides (mg/dL). GLU = Glucose (mg/dL). CHO = Cholesterol (mg/dL). ALB = Albumin (mg/dL).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

*CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (PCPM levels) and the dependent variable analyzed.
MM = Mathematical model adjusted according to the influence of the independent variable (PCPM levels) on the dependent variable.
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Variables? Paullinia cupana peel meal levels, % p- CV% COR’ MM* R?
0.00 2.50 5.00 7.50 10.00 value* %

SW 1.91£0.29*  1.98+0.14>  1.99+£0.07° 2.05+0.09%® 2.23+0.12* <0.01 4.69 0.34 Y =1.89 + 0.0284x 0.85
CYy 76.10+£4.02° 73.93£1.27° 77.99+2.57° 80.31+1.22* 79.19+£1.21* 0.01 4.02 -0.18 Y =74.992 + 0.5024x 0.61
FO 4.34+0.44 4.56+0.33 4.98+0.27 4.82+0.42 4.34+0.28 0.08 897 - - -
LI 18.33+£0.94° 18.00+1.63°> 19.33+3.37° 22.00+1.80° 25.00+£2.58* 0.02 1.63  0.31 Y =17.064 + 0.6936x 0.86
GI 42.50+2.79" 44.83+4.26° 47.50+1.37%" 44.83+£5.57° 51.66+3.37* 0.03 10.13 0.56 Y =42.6 +0.7328x 0.68
HE 6.22+1.92°  7.50+£0.63*  7.16+1.43*  8.00£1.91® 9.50+1.37* 0.05 2.86 0.51 Y =6.264 +0.2824x 0.85
BR 23.83£5.79° 25.86+4.68° 28.01+2.27%* 30.40+3.35* 31.20+4.38* <0.01 9.20 0.08 Y =24.004 +0.7712x 0.98
DR 15.31£3.68° 16.46+1.92° 17.13+0.64° 19.05+1.55° 21.07+£2.19* <0.01 12.01 0.07 Y =14.982 + 0.5644x 0.96
TH 15.66+4.82° 16.13+1.53°> 18.03+1.34* 19.07+1.41*° 20.77£2.87* <0.01 12.80 0.20 Y =15.3+0.5264x 0.97
BA 22.23+£5.09*° 22.214+4.85* 18.10+£3.96° 14.02+2.21° 12.50+£3.53¢ 0.03 12.24 0.09 Y =23.342 - 1.106x 0.93
WI 14.44+£2.67* 10.8242.01°  9.79+0.87°  9.31+£2.34*> 6.99+1.30° <0.01 6.82 0.19 Y =13.552 - 0.6564x 0.90
NE 8.53+1.70°  8.52+0.83*  8.94+0.37*°  8.15£0.46* 7.47+0.87° <0.01 9.23 -0.01 Y =8.4557 +0.1918x - 0.0291x> 0.88

I All data represent the average of 12 replicates (broilers) per treatment.

2 SW = Slaughter weight (kg/bird). CY = Carcass yield (%). FO = Foot (g/bird). LI = Liver (g/bird). GI = Gizzard (g/bird).

HE = Heart (g/bird). BR = Breast (%). DR = Drumsticks (%). TH = Thighs (%). BA = Back (%). WI = Wings (%). NE = Neck (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

4CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (PCPM levels) and the dependent variable analyzed.
MM = Mathematical model adjusted according to the influence of the independent variable (PCPM levels) on the dependent variable.
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Variables? Paullinia cupana peel meal levels, % p- CVv4  COR’ MM® R?
0.00 2.50 5.00 7.50 10.00 value? %
MO 70.48+0.69° 71.20+0.23* 71.15+0.35° 73.04+0.76* 73.65+0.47° <0.01 1.83 0.63 Y =70.268 + 0.3272x 0.90
MI 1.21£0.02*  1.14£0.06°  1.12+0.17°  1.04£0.23°  1.02+0.15° <0.01 6.63 -0.79 Y =1.202 -0.0192x 0.96
FA 1.69+0.11°  1.39+0.15¢ 1.5340.18" 1.58+0.13" 1.81+0.23* <0.01 10.12 0.38 Y =1.6526 - 0.0937x + 0.0111x? 0.84
PR 26.62+0.59* 26.27+0.15* 26.20+0.18* 24.34+0.28> 23.52+0.36° <0.01 5.05 -0.65 Y =27.016 - 0.3252x 0.87

I All data represent the average of 12 replicates (broilers) per treatment.

2MO = Moisture (%). MI = Minerals (%). FA = Fats (%). PT = Proteins (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

4CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (PCPM levels) and the dependent variable analyzed.
MM = Mathematical model adjusted according to the influence of the independent variable (PCPM levels) on the dependent variable.
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DISCUSSION

Firstly, we observed that the inclusion of PCPM in diets for slow-growing broilers
caused a positive impact in most of growth performance variables, especially providing heavier
broilers presenting better feed efficiency. It is a great result when it was considering that PCPM
present a considerable amount of fiber in its composition and, consequently, influenced the
fiber level of the diets, ranging from 4 to 7%. However, it appears that this increase in fiber
level did not negatively affect the broilers' response to the increasing inclusion of PCPM.

The presence of fiber in poultry diets has always been a major challenge for both
researchers and the industry because the gastrointestinal tract of birds tends to have low
enzymatic activity suitable for digesting fibers, especially the broilers, which can result in
restrictions in nutrients’ use (Azizi et al., 2021). However, Gonzalez-Alvarado et al. (2010),
Mateos et al. (2012) and Rufino et al. (2021) reported that recent studies have indicated that
moderate levels of fiber in poultry diets are very important components for improving results
regarding their physiology and nutrient utilization, enhancing the growth performance and other
important productive indexes. According to Jiménez-Moreno et al. (2009a,b) and Svihus
(2011), the positive effects caused by moderate levels of fiber are direct associated with an
improvement on digestibility through continuous stimulation of the gizzard, stimulation of the
small intestine activity, and a positive effect on intestinal microbiota due to their prebiotic
action.

For instance, in a study conducted by Pushpakumara et al. (2017), the inclusion of palm
kernel meal in broiler diets proved beneficial, with improvements in feed efficiency and
increased weight gain, leading the authors to recommend using up to 15% of this food in the
broiler diet. Conversely, Malhado et al. (2022) studied different levels of barley residues in the
feeding of slow-growing Label Rouge broilers and found no significant differences (p>0.05) in
weight gain, final weight, and feed efficiency. However, they observed a significant difference
(p<0.05) in feed intake, with a linear increase as the inclusion of barley in the diet increased.
Similarly, Costa et al. (2017) found that gradually increasing the inclusion of babassu flour in
broiler diets resulted in birds with higher weight and better production efficiency. However,
when the inclusion reached 25%, there was a decrease in these indices.

These relations between fiber levels and their action on poultry physiology present an
important challenge to the use of alternative foods in poultry diets, as many alternative foods
are residues from the food processing industry, mainly consisting of peels and seeds, which

naturally have a high fiber content (Rufino et al., 2015; Cruz and Rufino, 2017; Rufino et al.,



136

2021). Depending on the alternative food being used, its fiber content can be considerably high,
affecting the metabolism of other nutrients, especially proteins and soluble carbohydrates, and
harming growth performance (Liu et al., 2018; Rufino et al., 2021; Cho et al., 2024).

When considering these positive effects of PCPM in the diets for slow-growing broilers
on both growth performance and meat quality, it should also be emphasized that residues from
the processing of Paullinia cupana may also contain substances that confer stimulating,
energetic, antioxidant, antimicrobial, and chemoprophylactic properties (Marques et al., 2016;
Yonekura et al., 2016). As with other alternative foods, these additional properties may improve
nutrient utilization and the physiological response of the birds (Cruz and Rufino, 2017).

The results obtained from hematological parameters help reinforce these observations,
as the increased levels of PCPM inclusion in the broiler diets led to a reduction in the
concentration of erythrocytes and the hematocrit percentage evaluated, however, alongside an
increase in the results of MCH and MCHC. Literature reports, for example, that reference
values for hematocrit in birds typically range from 25% to 50%; values below this limit may
indicate anemia, while values above may suggest dehydration or polycythemia (Muneer et al.,
2021; Al-Khalaifah et al., 2022). For the other variables, we also observed that in all evaluated
treatments, the broilers fell within in an acceptable stable range, albeit close to the limit (Seo et
al., 2015; Muneer et al., 2021).

In the results of serum biochemical parameters, even though only the concentration of
triglycerides was significantly influenced by the inclusion of PCPM in the diets of the broilers,
this is an important result once the concentration of triglycerides can be an important indicator
of metabolic disorders caused by feeding. In broilers, triglycerides are available in the intestinal
mucosa and liver from the digestion and absorption of fatty acids, where high concentrations
of these can lead to a significant reduction in growth performance (Zhou et al., 2020; Hu et al.,
2021). Once the results of this study showed a linear reduction in triglyceride concentration
with the inclusion of PCPM, this can be considered a positive aspect, as even slow-growing
broilers, due to their natural accelerated growth compared to other poultry categories, may
present scenarios with elevated metabolic rates, which can be detrimental to their health and
growth performance.

Moreover, it was also possible to observe the positive influence of the great growth
performance results on meat quality, with broilers feeding higher levels of PCPM, 7.5% and
10% of PCPM inclusion, showing better carcass yield, higher values of liver, gizzard, and heart,
as well as more breast, thigh, and drumstick yield, in addition to good content of fats. According

to Malhado et al. (2022), good growth performance results from the use of alternative foods
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generally end up being reflected in meat quality, as observed in this study, with the authors
commenting that this applies to both fast-growing and slow-growing broilers. Geron et al.
(2015), Rossa et al. (2015), Shi et al. (2019) and Rufino et al. (2021) also support this statement
in their results, complementing this scenario with the observation that this is directly related to
the nutritional composition of the food being tested, how its inclusion can interfere with the
composition of the diets, and consequently, their utilization by the broilers.

When comparing the results obtained in this study with those reported in the literature
using other alternative feeds in broiler diets, we observe that slow-growing broilers fed diets
with lower levels of PCPM (2.5 to 5%) show slightly lower growth performance and meat
quality results compared to other slow-growing broilers (Dixon, 2020; Rayner, 2020; Giiz et
al., 2021; Santos et al., 2021) and significantly lower results than fast-growing broilers (Dixon,
2020; Giiz et al., 2021; Santos et al., 2021). On the other hand, slow-growing broilers fed diets
with higher levels of PCPM (7.5 to 10%) show growth performance and meat quality results
close to or equal to those reported in the literature for other slow-growing broilers (Dixon, 2020;
Rayner, 2020; Giiz et al., 2021; Santos et al., 2021) and somewhat close to fast-growing broilers
(Dixon, 2020; Giiz et al., 2021; Santos et al., 2021).

Based on these results, it is possible to assume that PCPM may have maintained to some
extent the nutritional profile (rich in carbohydrates and lipids) and bioactive compounds
(caffeine) originally contained in the Paullinia cupana fruit, and that these were beneficial for
the growth of the broilers. Additionally, the antioxidant and fibrous compounds naturally found
in the Paullinia cupana husk, as observed with the inclusion of other foods, may help in the
intestinal health of the birds during this critical phase, further reducing the proliferation of
various intestinal bacteria, pathogenic or not, through the reduction of pH and production of
volatile fatty acids (Oleforuh-Okoleh et al., 2015).

Here, it is important to mention the peculiarities of the productive and physiological
responses of the slow-growing broilers used in this study compared to fast-growing broilers,
which are typically used in most studies testing alternative foods in poultry diets. The use of
slow-growing broiler breeds has been suggested to decrease welfare issues, especially in
tropical climate regions, which are warmer (Montoro-Dasi et al., 2020; van der Eijk et al.,
2023), such as observed in this study. Previous studies also reported that slow-growing breeds
are more active, have lower levels of lameness and fewer hock and foot pad lesions than fast-
growing breeds, in addition to they have lower mortality rates and fewer lameness issues
resulting in fewer culls (Dixon, 2020; Giiz et al., 2021; Rayner et al., 2021).

This is especially relevant in terms of behavior, welfare, and growth performance in a
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sustainable approach. De Jong et al. (2022) defines slower-growing broilers as growing < 50
g/d, while fast-growing broilers grow > 60 g/d. In general, slower-growing broilers are more
active and exhibit improved welfare measures (Dixon, 2020; Rayner et al., 2020; Giiz et al.,
2021; van der Eijk et al., 2022), although differences are not always found (De Jong et al.,
2021). Regarding growth performance, slow-growing broilers generally have lower daily body
weight gain, daily feed intake, and mortality rates, and can maintain greater feed efficiency
compared to fast-growing broilers (Giiz et al., 2021; Torrey et al., 2021; Van der Eijk et al.,
2022; Van der Eijk et al., 2023). Furthermore, slow-growing broilers had lower carcass yield
and breast yield, and higher thigh, drumstick, and wing yield relative to carcass weight (Santos

et al., 2021).

CONCLUSION

The inclusion of PCPM in diets for slow-growing broilers positively impacts growth
performance, enhancing meat quality and yields of valuable cuts such as breast, drumstick, and
thigh, where 10% inclusion level presented better results. Despite the increased moisture
content and decreased protein levels in breast meat, the overall benefits to meat quality and bird
health were significant. The study's findings suggest that PCPM can be a viable alternative feed
ingredient, promoting sustainable livestock management by utilizing residues from the food

processing industry.
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Abstract

Context: The poultry industry seeks sustainable feed alternatives to reduce costs and
dependence on conventional ingredients, especially in regions like the Amazon. Paullinia
cupana pulp, a by-product of Paullinia cupana processment, has nutritional and bioactive
potential for use in poultry diets. Aims: To evaluate the effects of including different levels of
Paullinia cupana pulp meal (PCPUM) on the productive performance, physiological
parameters, and meat quality of slow-growing broilers. Methods: A total of 240 male Label
Rouge broilers were used in a completely randomized design with five treatments (0%, 2.5%,
5%, 7.5%, and 10% PCPUM), with four replicates of 12 birds. Performance during the starter
(828 days) and grower (29-56 days) phases, hematological and biochemical parameters, yield

of commercial cuts, and meat proximate composition were evaluated. Key results: The
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inclusion of 7.5% PCPUM improved weight gain and the yield of cuts such as breast, thigh,
and drumstick without negatively affecting the meat’s nutritional composition. A significant
increase in hemoglobin and hematocrit levels, along with reductions in plasma triglycerides and
glucose, indicated beneficial metabolic effects. However, the 10% inclusion level impaired
some physiological and performance variables. Conclusions: Including up to 7.5% PCPUM in
slow-growing broiler diets is viable, promoting productive gains and physiological benefits
without compromising meat quality. Implications: The use of agro-industrial by-products such
as guarana pulp in poultry feed contributes to the sustainability of production, particularly in
regional contexts with logistical challenges like the Amazon.

Keywords: alternative food, Amazon, broilers, Paullinia cupana, poultry science.

INTRODUCTION

The use of by-products in animal feed can positively impact the global food supply
(Sandstrom et al., 2022), as this approach reduces competition between food used for animal
diets and food intended for human consumption (Shurson, 2020; De Souza et al., 2024).
Additionally, replacing traditional feedstuffs such as corn and soy with alternative raw materials
has gained global attention as a cost-reduction strategy in livestock production while
minimizing nutrient waste from the agricultural and food sectors (Dou et al., 2018; Shurson,
2020; Pinotti et al., 2023).

Animal feed costs represent a significant portion of total livestock production expenses,
ranging from 60% to 70% (Pacheco et al., 2018; Dos Reis et al., 2024). In more remote regions,
such as the Amazon, this impact tends to be even greater due to logistical challenges, as diet
production depends on feedstuffs from other regions, further increasing final costs (Cruz et al.,
2016; Cruz and Rufino, 2017). Therefore, seeking alternatives that reduce dependence on
conventional inputs while simultaneously mitigating environmental impacts is crucial for
economic viability and sustainability (Van Hal et al., 2019; Sanches et al., 2023; De Souza et
al., 2024).

Considering the rich Amazonian biodiversity, among the economically and nutritionally
relevant local species, Paullinia cupana, commonly known as guarana, stands out for its high
content of bioactive compounds, including caffeine, theobromine, polyphenols, and tannins,
which offer remarkable health benefits and significant industrial applications (Carvalho et al.,
2016; Souza et al., 2017). Brazil is the world's largest producer of Paullinia cupana, mainly in
the states of Amazonas and Bahia (Schimpl et al., 2013; Da Silva et al., 2024). The dried seeds

of Paullinia cupana, primarily valued for their high caffeine content, are predominantly used
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in the soft drink and energy drink industries (70%), while the remaining portion is directed
toward pharmaceutical and cosmetic products (Schimpl et al., 2013; Machado et al., 2018).
Additionally, during the industrial processing of Paullinia cupana, a considerable volume of
organic residues is generated, which exhibit biological potential for reuse, representing a
significant opportunity for the adoption of sustainable practices (De Oliveira et al., 2024; Santos
et al., 2024).

References on the use of Paullinia cupana or its by-products in poultry diets remain
scarce in the literature (Santos et al., 2024). However, considering its rich nutritional properties,
the volume of production generating by-products and residues, and its importance to Brazilian
agribusiness, Paullinia cupana by-products may offer good biological and productive potential,
as well as economic feasibility for inclusion in poultry diets, while also promoting a circular
economy within these production chains (Cruz and Rufino, 2017; De Oliveira et al., 2024;
Santos et al., 2024). Based on this information, the present study was conducted to investigate
the effects of Paullinia cupana pulp meal (PCPUM) on the performance, physiological

parameters, and meat quality of slow-growing broilers.

MATERIAL AND METHODS
Acquisition and composition analysis of Paullinia cupana pulp meal

Paullinia cupana residues were acquired in the municipality of Maués, Amazonas,
located 259 km from Manaus, the state capital. The entire process of guarana processing, by-
product extraction, and subsequent processing to obtain PCPUM followed these steps: (1) ripe
Paullinia cupana fruits were manually harvested; (2) the collected fruits were stored in baskets
for approximately three days, undergoing a fermentation process; (3) the fruit extract, used in
the production of carbonated beverages by the beverage industry, was obtained; (4) the residue
from the extraction process was collected; (5) this residue underwent a drying process in a
closed-circulation oven at 105°C (221°F) for 24 hours; (6) the dried residue was ground in a
grain grinder using sieves with hole diameters similar to those used for corn (4 mm); and (7)
the final product, called PCPUM, was bagged and stored in a dry, ventilated place for use in
the preparation of experimental diets.

Before conducting the experiment, the proximate composition of PCPUM (Table 1) was
determined. The dry matter content was analyzed in an oven at 105°C (221°F) following AOAC
Method 925.10 (AOAC, 2019). Mineral content was determined by calcination in a muffle
furnace at 550°C (1022°F), according to AOAC Method 923.03 (AOAC, 2019). Lipid content
analysis followed AOCS Method Ba 3-38. Total protein content was determined using the
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Kjeldahl method, following AOAC Method 920.87 (AOAC, 2019). The determination of fiber
content (crude fiber, neutral detergent fiber (NDF), and acid detergent fiber (ADF)) was
performed according to the methods described by Van Soest et al. (1991).

Table 1. Guarana pulp meal composition.

Variables Guarana pulp meal
Dry matter, % 83.93
Crude protein, % 12.27
Fats, % 2.41
Minerals, % 1.01
Crude Fiber, % 29.17
Neutral detergent fiber, % 40.84
Acid detergent fiber, % 26.25
Soluble carbohydrates, % 55.14
Gross energy, kcal/’kg 5,745.42
Metabolizable energy’, kcal/kg 2,828.56

* Determined using the apparent metabolizable energy calculation method described by

Sakomura and Rostagno (2016) and Rostagno et al. (2024)

Facilities, animals, diets and experimental design

The present study was conducted in an aviary with a ceiling height of 3.25 meters,
incorporating structural modifications aimed at enhancing the birds' well-being. Natural
ventilation was utilized, with the aviary located in a densely wooded area, ensuring a tranquil
and comfortable environment for the birds. Temperature and relative humidity were
continuously monitored using a compact digital weather device, which recorded average values
of 28.8°C (83.84°F) and 60.9%, respectively. Throughout the experimental stage, the broilers
were closely observed for any signs of thermal stress due to environmental conditions, none of
which were detected. Notably, the experiment took place during the Amazonian rainy season,
which extends from November to April of the following year and is characterized by milder
temperatures that provide favorable conditions for animal management.

Male slow-growing Label Rouge broilers (n = 240), sourced from the incubation center
of the Research Poultry Farm at UFAM, were utilized in this study. Upon arrival, one-day-old
chicks (44.05+0.61 g) were placed in a protective brooding circle furnished with wood
shavings, tray-style feeders, and cup-style drinkers, maintaining a stocking density of 50 birds
per square meter. A central electric heating system was provided to ensure optimal conditions
until the broilers reached seven days of age. At eight days old, the birds were systematically

allocated into experimental groups and transferred to pens measuring 4 square meters each.
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These pens were equipped with tubular feeders, suspended drinkers, and a floor covered with
wood shavings. The experiment was divided into two distinct stages: the starter stage (8-28
days) and the final stage (29-56 days). The birds had ad libitum access to feed and water during
all the experimental periods. A lighting protocol for slow-growing broilers was used as
described by (Wu et al. 2022).

The experimental design was completely randomized, with treatments comprising a
control diet (without PCPUM) and four levels of PCPUM inclusion (2.5%, 5.0%, 7.5%, and
10%) in the diets, with four replicates of 12 birds each. Experimental diets (Table 2) were
formulated on the basis of reference values reported by Rostagno et al. (2024), except for
PCPUM composition, which used values from prior product-composition analyses performed
in this study. The metabolizable energy value for PCPUM was determined using method
described by Sakomura and Rostagno (2016) and Rostagno et al. (2024), where a small
digestibility trial was conducted prior to the main experiment, with the collected feed and fecal
samples being analysed in the laboratory.

PCPUM was a fixed component in the diet calculations, with other ingredient values
adjusted on the basis of PCPUM inclusion levels. Diets were formulated using SuperCrac
software (TD Software®, Vigosa, Brazil). The composition of these diets was analysed to
confirm their proximate composition according to the methods described by the AOAC (2019),
where moisture content was determined according to Method 925.10, minerals content was
determined following Method 923.03, lipid content analyses followed Method Ba 3-38, total
protein content was determined according to Method 920.87, and the determination of fibre
contents (crude fibre, NDF and ADF) was performed according to the methods described by
Van Soest et al.(1991).
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Table 2. Composition and guaranteed nutrient concentration (analysed and calculated concentrations in dry matter) of experimental diets with

different levels of Guarana pulp meal inclusion (0%, 2.5%, 5%, 7.5% and 10%).

Pre-initial

Initial (8 to 28 days)

Final (29 to 56 days)

Feedstuffs (1to7 0 2.5 5 7.5 10 0 2.5 5 7.5 10
days)

Corn 7,88% 58.07 58.07 56.27 53.17 50.10 47.00 63.34 61,57 58,49 55,4 52,31
Soybean meal 46% 38.32 38.35 35.77 35.66 35.55 35.43 32.53 30,5 30,39 30,28 30,17
Guarana pulp meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2,50 5,00 7,50 10,00

Limestone 0.93 0.82 0.83 0.82 0.81 0.81 1.02 0,76 0,75 0,75 0,74
Dicalcium phosphate 1.79 1.79 1.82 1.84 1.85 1.87 1.55 1,58 1,60 1,61 1,63
Common salt 0.30 0.10 0.27 0.28 0.28 0.28 0.53 0,28 0,28 0,28 0,29
Vit. Min. supplement 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.50? 0.50? 0.50? 0.50? 0.50?
DL-methionine 99% 0.10 0.10 0.14 0.15 0.16 0,18 0.03 0,05 0,06 0,07 0,08
Soybean oil 0.00 0.27 1.90 2.58 3.25 3.93 0.50 2,26 2,93 3,61 4,28
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrients Guarantee levels®

Metabolizable energy, kcal/kg
Dry matter, %

Crude protein, %
Calcium, %
Available phosphorus, %
Sodium, %

Crude fiber, %

NDF, %

ADF, %

Total lysine, %

Total methionine, %
Total methionine + cystine, %
Total threonine, %

3,000.00 3,100.00 3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00

87.88
22.50
0.94
0.46
0.15
3.40
4.76
3.06
1.21
0.45
0.80
0.87

87.88

21.00
0.90
0.45
0.19
3.40
4.76
3.06
1.21
0.45
0.80
0.87

87.86

21.00
0.90
0.45
0.15
3.94
5.52
3.55
1.14
0.47
0.80
0.82

87.67
21.00
0.90
0.45
0.15
4.61
6.45
4.15
1.12
0.47
0.80
0.81

87.58

21.00
0.90
0.45
0.15
5.27
7.38
4.74
1.11
0.48
0.80
0.80

87.50

21.00
0.90
0.45
0.15
5.93
8.30
5.34
1.10
0.49
0.80
0.79

87.89
19.50
0.80
0.40
0.25
3.16
4.42
4.70
1.06
0.35
0.68
0.79

87.76
19.50
0.80
0.40
0.15
4.07
5.70
4.54
1,00
0,35
0,66
0,75

87.59
19.50
0.80
0.40
0.15
5.06
7.08
4.46
0,99
0,35
0,66
0,73

87.42
19.50
0.80
0.40
0.15
6.04
8.46
4.36
0,98
0,36
0,66
0,72

87.35
19.50
0.80
0.40
0.15
7.02
9.83
4.27
0,97
0,37
0,66
0,71
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Total tryptophan, % 0.28 0.28 0.27 0.26 0.26 0.26 0.25 0,24 0,23 0,23 0,23

! Vitamin/mineral supplement — starter: Content per 1 kg of diet = Folic acid 800 mg, Pantothenic acid 12,500 mg, Antioxidant 0.5 g, Biotin 40
mg, Niacin 33,600 mg, Selenium 300 mg, Vitamin A 6,700,000 IU, Vitamin B1 1,750 mg, Vitamin B12 9,600 mcg, Vitamin B2 4,800 mg, Vitamin
B6 2,500 mg, Vitamin D3 1,600,000 IU, Vitamin E 14,000 mg, Vitamin K3 1,440 mg. Mineral supplement — content per 0.5 kg = Manganese
150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

? Vitamin/mineral supplement — finisher: Content per 1 kg of diet = Folic acid 650 mg, Pantothenic acid 10,400 mg, Antioxidant 0.5 g, Niacin
28,000 mg, Selenium 300 mg, Vitamin A 5,600,000 IU, Vitamin B1 550 mg, Vitamin B12 8,000 mcg, Vitamin B2 4,000 mg, Vitamin B6 2,080
mg, Vitamin D3 1,200,000 IU, Vitamin E 10,000 mg, Vitamin K3 1,200 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg,
Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

3Levels analyzed and calculated on a dry matter basis.
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Growth performance and meat quality

The growth performance of the broilers was evaluated both for each stage individually
(starter and final) and cumulatively across the entire experimental period. The parameters
assessed included feed intake (kg/bird), weight gain (kg/bird), and feed conversion (kg/kg).
Feed intake for each stage was calculated by dividing the total feed consumed by the number
of birds in each pen. Weight gain was determined by comparing the total weight of the birds in
each pen to their previous recorded weight, divided by the number of birds. Feed conversion
was calculated as the ratio of total feed consumption to the corresponding weight gain. A
comprehensive analysis of these performance metrics was conducted by aggregating data from
all stages.

At 56 days of age, after a 12-hour fasting period, 12 birds from each treatment group
were randomly selected for meat quality evaluation. The selected birds were weighed,
electrically stunned (40 V, 50 Hz), and slaughtered via jugular vein incision. The carcasses
were then immersed in hot water (60°C/140°F for 62 seconds) for scalding, mechanically
plucked, and eviscerated following the guidelines of Mendes and Patricio (2004). This process
facilitated the determination of carcass yield (%) and the yields of key economically relevant
viscera, including the liver (g/bird), gizzard (g/bird), heart (g/bird), and feet (g/bird).

Commercial cuts, including the neck, breast, wing, back, thigh, and drumstick, were
separated and weighed using a precision analytical balance (0.01 g). Their yields were
calculated as a percentage of the clean carcass weight. Additionally, breast meat samples were
collected and promptly transported to the laboratory for proximate composition analysis, which
determined the percentages of moisture, minerals, fats, and proteins following the standardized

methodologies of AOAC (2019).

Physiological parameters

Prior to slaughter, blood samples were collected from 12 broilers per treatment group.
One milliliter of blood was drawn from the ulnar vein using disposable syringes containing
heparin anticoagulant (5000 IU per sample). The samples were promptly centrifuged at 8217g
for 10 minutes at 20 °C (68 °F) to isolate red blood cells for hematological assessment. The
resulting plasma was subsequently used for plasma biochemical analysis.

The samples were labeled and stored at —4 °C (24.8 °F) until delivery to the laboratory.
For hematological analysis, erythrocyte counts (M/mm?®) were determined using a Neubauer
chamber. Blood was diluted in formaldehyde-citrate and toluidine blue, and counts were

performed under an optical microscope (Nikon Eclipse E-501, DM3000, Tokyo, Japan) with a
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x40 objective lens.

Hemoglobin concentration (g/dL) was measured using the cyanmethemoglobin method,
while hematocrit (%) was determined via the microhematocrit technique (Goldenfarb et al.,
1971), involving centrifugation of heparinized microcapillary tubes at 24,149¢g for 5 minutes
(Aride et al., 2018). Based on these results, mean corpuscular volume (MCV, pum?), mean
corpuscular hemoglobin (MCH, pg/cell), and mean corpuscular hemoglobin concentration
(MCHC, g/dL) were calculated following the methodologies of Wintrobe (1934) and Tavares-
Dias and Moraes (2004).

For plasma biochemical analysis, plasma samples obtained after centrifugation were
processed using commercial enzymatic-colorimetric assay kits, following the manufacturer’s
instructions. Absorbance readings were taken on a mass spectrophotometer (Model K37-
UVVIS, Kasvi®, Sdo José dos Pinhais, Brazil) at wavelengths specific to each assay. The
biochemical parameters analyzed included total protein, triglycerides, glucose, cholesterol, and

albumin concentrations.

Statistical Analyses
The adopted statistical model was as follows:
Yie = p+ oy + €
where:
Yik = Observed value for the variable under study;
p = Overall mean of the experiment;
a; = Effect of the PCPUM inclusion level,

€ik = Experimental error.

The data were analyzed using R software (version 4.1.3; R Core Team 2021), following
the methodology described by Logan (2010). Initially, a one-way ANOV A was performed, with
Tukey’s honest significant difference test applied at a significance level of 0.05. For variables
demonstrating significance (p<0.05), correlation and polynomial regression analyses were
conducted to evaluate the relationship between the independent variable (PCPUM inclusion
level) and the dependent variables (Chatterjee and Hadi, 2006; Dormann et al., 2013). The
choice between a linear (Y = a + bx) or quadratic (Y = ¢ + bx + ax?) model was based on criteria
that best captured the data trends (Dormann et al. 2013), with R-squared values serving as a key
determinant for model selection (Chatterjee and Hadi, 2006; Dormann et al., 2013).

Ethics approval



156

The Animal Ethics Committee of Federal University of Amazonas approved the study
under protocol number 010/2022. All animal manipulations were performed according to the
Brazilian Code for the Care and Use of Animals for Scientific Purposes and reported in
proportion to guidelines and regulations of Animal Research: Reporting of In Vivo Experiments

(ARRIVE).

RESULTS
Growth performance

The inclusion of increasing levels of PCPUM in the diet significantly influenced
(p<0.05) the growth performance of slow-growing broilers across different feeding stages
(Table 3). During the starter stage (8-28 days), feed intake increased quadratically with the
highest value observed at the 7.5% PCPUM inclusion level (1.63 kg/bird). Similarly, weight
gain followed a quadratic trend, with maximum weight gain (0.82 kg/bird) recorded at 7.5%
PCPUM inclusion. Feed conversion was highest in the control group (2.61 kg/kg) and
significantly decreased (p<0.05) with the inclusion of PCPUM, reaching the lowest values
between 2.5% and 7.5%, indicating an inverse relationship between PCPUM inclusion and feed
conversion.

In the final stage (29-56 days), feed intake also followed a quadratic trend, with the
highest values observed at the 7.5% (3.16 kg/bird) and 10% (3.04 kg/bird) inclusion levels of
PCPUM. However, weight gain did not differ significantly (p>0.05) among treatments. Feed
efficiency improved linearly with increasing PCPUM levels, reaching the high value (2.90
kg/kg) at the 10% inclusion level, suggesting a more inefficient feed conversion at higher
PCPUM levels during this stage.

When considering general growth performance (8-56 days), feed intake increased
quadratically, with the highest value observed at the 7.5% inclusion level (4.80 kg/bird). Weight
gain also followed a quadratic trend, peaking at the 7.5% level (2.01 kg/bird). Feed efficiency
exhibited a quadratic response, with the best values observed at 2.50% PCPUM level, while

intermediate inclusion levels (5% to 7.5%) showed slightly better efficiency values.
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Table 3. Growth performance of slow-growing broilers fed diets containing increase levels of guarana pulp meal'.

0

Stage  Variables® 0.00 Guezi.rgga pul; 51(’)16211 167\.,56(1)8’ /01 0.00 p-value*  CV* % COR’® MMS R2
FI 1.30°  1.51® 1.52° 1.63* 1.50° 0.04 10.72 0.47 Y =1.3051 + 0.0871x — 0.0066x>  0.89
Starter WG 0.50° 0.75* 0.78% 0.82% 0.74° <0.01 8.31 0.60 Y =0.5151 +0.0963x — 0.0074x>  0.95
FC 2618 199  1.94°> 200° 2.02° <0.01 14.93 -0.53 Y =2.5446 — 0.2057x + 0.0159x>  0.87
FI 2.83° 295>  3.10* 3.16° 3.04® <0.01 5.17 0.59 Y =2.8086 + 0.0903x — 0.0065x>  0.93

Final WG 1.13 1.20 1.19 1.19 1.05 0.10 8.34 - - -
FC 249 2.45¢ 259 265 2907 0.02 8.62 0.65 Y =2.412 + 0.0408x 0.82
FI 413 4.46° 4.63> 4.80* 4.55° <0.01 6.44 0.57 Y =4.1123+0.1798x - 0.0133x>  0.95
General WG 1.64° 196 1.98 2.01* 1.80° <0.01 9.42 0.30 Y =1.654 +0.1348x — 0.012x? 0.95
FC 2.52%  227° 233> 238 2532 <0.01 5.67 0.13 Y =2.276 + 0.2908x — 0.0488x°> 0.82

U All data represent the average of 48 replicates (broilers) per treatment.

2 FI = Feed intake (kg/bird). WG = Weight gain (kg/bird). FE = Feed conversion (kg/kg).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

4 CV = Coefficient of variation.

5> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.
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Physiological parameters

The hematological and plasma biochemical parameters of slow-growing broilers fed
diets containing different levels of PCPUM are presented in Table 4. In hematological
parameters, the inclusion of PCPUM resulted in a quadratic increase (p<0.05) in hemoglobin,
hematocrit, and mean corpuscular hemoglobin (MCH) levels. The highest values were observed
at the 7.5% inclusion level, with hemoglobin reaching 11.53 g/dL and hematocrit increasing to
31.75%. Mean corpuscular hemoglobin also exhibited a significant increase, reaching its peak
at 7.5% PCPUM inclusion. Conversely, the inclusion of PCPUM did not significantly affect
(p>0.05) erythrocytes (RBC) count, mean corpuscular volume (MCV), or mean corpuscular
hemoglobin concentration (MCHC).

In plasma biochemical parameters, total protein, triglycerides, glucose, and uric acid
levels exhibited significant reductions (p<0.05) with increasing PCPUM inclusion. The total
protein concentration declined from 5.12 g/dL in the control group to 3.87 g/dL at the highest
PCPUM inclusion level (10.0%). Similarly, triglyceride levels showed a marked reduction,
decreasing from 134.63 mg/dL in the control group to 40.25 mg/dL at 10.0% PCPUM inclusion;
and glucose levels also decreased with PCPUM inclusion, from 231.67 mg/dL in the control
group to 200.15 mg/dL at 10.0% PCPUM.

Interestingly, cholesterol levels significantly increased (p<0.05) at 5.0%, 7.5%, and
10.0% PCPUM inclusion, reaching a peak at 5.0% (323.63 mg/dL) before slightly decreasing
at higher inclusion levels. Albumin concentrations increased significantly at 7.5% PCPUM

inclusion (2.34 g/dL). However, at 10.0% inclusion, albumin levels slightly declined.
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Table 4. Physiological parameters of slow-growing broilers fed diets containing increase levels of guarana pulp meal'.

) Guarana pulp meal levels, % p- cv*
2 > > 5 6 2
Parameters  Variables” —555——> 5, 500 750 1000 valuet % COR MM R
HEM 9.78°¢ 10.66° 11.14% 11.532 10.43> <0.01 13.11 0.21 Y =9.6954 + 0.5497x — 0.91
0.0463x>
RBC 1.21 1.18 1.25 1.14 1.27 0.48 18.21 - - -
HET 28.68° c b a p  <0.01 9.51 0.26 Y =28.301 +0.7585x — 0.74
Hematological 29.12 30.68 31.75 30.06 0.0543x2
MCV 240.88 251.28 259.05 281.85 242.01 0.13 19.74 - - -
MCH 8235 g 1o o310 jopse gaase <001 1962 010 Y=80905+60701x—  0.69
0.5527x
MCHC 34.18 36.70 36.50 36.47 34.65 0.25 11.53 - - -
TOP 5.122 4.58 4.13° 3.96° 3.87°¢ 0.05 3.66 -0.24 Y =4.956 — 0.1248x 0.90
TRI 134.63* 100.978 57.25° 54.13b 40.25¢ <0.01 793 -0.44 Y =124.57 —9.424x 0.90
GLU 231.67* 228.13% 22528" 217.65*° 200.15° 0.04 10.70 -0.01 Y =235.28 —2.9408x 0.86
b _ _
Plasma COL  21943° iy 0o 3pyep 315000 3116s 003 1107 039 Y=200.66+26469x 0.86
biochemical 1.6013x
ALB 188 o e am g 005 405 006 Y= 1.8(7)3041 ;7())(.21433)( — 083

URA 4.05% 2.86° 2.19° 2.15° 1.80° 0.04 6.27 -0.39 Y =3.652 — 0.2084x 0.85
U All data represent the average of 48 replicates (broilers) per treatment.

2 HEM = Hemoglobin (g/dL). RBC = Erythrocytes (M/mm?). HET = Hematocrit (%). MCV = Mean Corpuscular Volume (um?). MCH = Mean

Corpuscular Hemoglobin (pg/cel). MCHC = Mean Corpuscular Hemoglobin Concentration (g/dL). TOP = Total proteins (g/dL). TRI =
Triglycerides (mg/dL). GLU = Glucose (mg/dL). COL = Cholesterol (mg/dL). ALB = Albumin (mg/dL). URA = Uric acid (mg/dL).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

4 CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.
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Meat quality

Slaughter weight and carcass yield (Table 5) of slow-growing broilers were significantly
(p<0.05) influenced by the inclusion of PCPUM in the diet. The inclusion level of 7.5% of
PCPUM resulted in heavier chickens (2.47 kg/bird) at slaughter and higher carcass yield
(80.31%), in addition to higher weights of liver, gizzard and foot. When evaluating the
commercial cuts (Table 5), the inclusion level of 7.5% of PCPUM in the diet of slow-growing
broilers showed higher (p<0.05) yields for breast, thigh and drumstick. These results contrasted
with the control group, where lower yields of these commercial cuts were observed.

In the centesimal composition of the breasts (Table 6), no significant differences
(p>0.05) were found between the treatments for any of the parameters evaluated. This suggests
that the inclusion of PCPUM in the diet did not significantly affect the proximal composition

of the chicken breast, maintaining the quality of the final product.
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Table 5. Slaughter weight, carcass yield, viscera and commercial cuts of slow-growing broilers fed diets containing increase levels of guarana

pulp meal'.
0
Stage Variables? 0.00 Gu;rszz)na pulg (1)1(1)ea1 16;'6518’ % 10.00 p-value> CV* % COR’® MM® R2
SAW 2.15¢ 2.26° 2.31° 2.47* 2.23b 0.04 8.96 023 Y =2.1257+0.0822x — 0.0067x> 0.68
CAY 77.99°* 73.93¢ 76.10° 80.31* 79.19% 0.01 4.02 -0.18 Y =76,879 -0,5539x + 0,0905x> 0.67
Carcass and viscera FOT 82.58° 84.41° 85.08° 90.25* 82.16° 0.02 9.99 0.08 Y=81.705+1.9531x—-0.1753x> 0.66
LIV 23.36% 24.26° 26.65® 27.14* 21.85° 0.05 12.81 -0.16 Y =22.64+1.6264x —0.1632x> 0.73
GlzZ 42.31°  4541° 47.11% 4937¢  45.56° 0.05 11.29 024 Y =41.966+1.9338x—0.1515x> 0.88
HER 9.30 9.10 9.30 9.03 8.29 0.57 10.40 - - -
BRE 28.18° 29.64* 30.07*° 30.33* 29.82%® 0.04 9.05 -0.15 Y =28227+0.6285x —0.047x> 0.98
DRU 15.38° 15.50¢ 16.07° 17.46* 16.93° 0.04 8.06 046 Y =15.187+0.2573x — 0.0055x> 0.78
Commercial cuts THI 11.63¢ 12.78* 12.83> 13.73* 12.83° 0.03 10.62 034 Y =11.626+0.5054x —0.0371x> 0.84
BAC 27.14 2435 2322  20.38 22.39 0.29 8.67 - - -
WIN 11.04 11.05 11.18 11.80 11.76 0.25 6.83 - - -
NEC 6.63 6.68 6.63 6.30 6.27 0.22 9.30 - - -

! All data represent the average of 48 replicates (broilers) per treatment.
2 SAW = Slaughter weight (kg/bird). CAY = Carcass Yield (kg/bird). FOT = Foot (g/bird). LIV = Liver (g/bird). GIZ = Gizzard (g/bird).
HER = Heart (g/bird). BRE = Breast (%). DRU = Drumstick (%). THI = Thigh (%). BAC = Back (%). WIN = Wings (%). NEC = Neck (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

4 CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.
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Table 6. Proximate composition of breasts samples of slow-growing broilers fed diets

containing increase levels of guarana pulp meal'.

0
Variables? 00 OG uar;rb_lg pulg(r)rz)eal 1;5.\;eols, /100. 30 p-value* CV* % COR’> MM°® R2
MOS 73.07 7332 73.11 73.58 7349  0.24 1.30 - - -
PRO 1.09 098 1.01 0.78 097 0.39 1.96 - - -
FAT 1.75 157 148 1.51 124 0.31 1.41 - - -
MIN 24.09 24.13 2440 24.13 2430 0.22 1.79 - - -
I All data represent the average of 48 replicates (broilers) per treatment.

2 MOS = Moisture (%). PRO = Proteins (%). FAT = Fats (%). MIN = Minerals (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not
significant = p>0.05.

# CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (GPUM levels) and the
dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable

(Guarana pulp meal levels) on the dependent variable.

DISCUSSION

Primally, we observed that the nutritional composition of PCPUM contributed to the
improved performance of broilers, positively impacting most performance variables,
particularly enhancing feed conversion. PCPUM proved to be a moderate source of protein and
fiber, with a considerable energy content, making it a potentially interesting ingredient for
broiler feed. Dietary fiber in poultry nutrition has gained prominence (Jha and Mishra, 2021).
Although traditionally classified as an antinutritional component, studies show that balanced
inclusion of dietary fiber can have positive effects on digestive physiology and promote
modulation of the intestinal microbiota (Jha and Mishra, 2021; Singh and Kim, 2021; Mateos
etal., 2012; Rufino et al., 2021), contributing to zootechnical performance (Mateos et al., 2012;
Rufino et al., 2021).

However, its effects on poultry physiology represent a significant challenge, as many of
these alternative ingredients consist of by-products derived from food processing industries,
primarily composed of peels and seeds, which naturally have a high fiber content (Rufino et al.,
2015; Cruz and Rufino, 2017; Rufino et al., 2021). The fiber concentration in alternative feed
ingredients can vary considerably, and when present in high levels, it may negatively affect the
metabolism of nutrients such as proteins and soluble carbohydrates, resulting in impaired bird

performance (Liu et al., 2018; Rufino et al., 2021; Sanches et al., 2023; Cho et al., 2024).
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The inclusion of PCPUM yielded interesting results, with positive outcomes in feed
intake and weight gain. It is worth noting that agro-industrial by-products contain bioactive
compounds of nutritional value, capable of exhibiting characteristics similar to the original
products from which they are derived, with high concentrations of nutrients such as
carbohydrates, proteins, lipids, vitamins, and phenolic compounds (Vinocunga-Pillajo and
Jiménez Tamayo, 2025). These compounds have the potential to optimize nutrient utilization
and promote a more efficient physiological response in poultry (Cruz and Rufino, 2017).

Malhado et al. (2022) found that the inclusion of up to 12% barley residue in diets for
Label Rouge broilers did not affect weight gain, feed conversion, or carcass yield, and it can be
used from 49 to 90 days of age without reducing zootechnical performance. Chaves et al. (2024)
observed that the inclusion of 15% tucuma meal in diets for slow-growing broilers of the Label
Rouge lineage during the initial stage did not alter feed intake. However, there was an impact
on weight gain and feed efficiency in both the initial and final stages, suggesting a possible
influence on nutrient utilization from the diet. Complementing these studies, Santos et al. (2024)
found that the inclusion of 10% Paullinia cupana peel meal in the diet of slow-growing broilers
provided the best results, with beneficial effects on productive performance, as well as
improvements in meat quality and the yield of high-value commercial cuts such as breast, thigh,
and drumstick.

The significant increase in hemoglobin levels, hematocrit, and mean corpuscular
hemoglobin (MCH) with the inclusion of 7.5% PCPUM suggests a positive effect on the blood
health of the animals. Studies related to hematological parameters in birds indicate that various
factors can influence reference values. For example, in broilers, variations in hematocrit levels
have been observed, ranging between 29.6% and 33.2%, as well as in total erythrocyte count,
which ranged from 1.69 to 2.03 x 1076/uL (Borsa, 2009). Factors such as age, environmental
conditions, and geographic location have been identified as variables that can significantly alter
hematological parameters in birds (Cardoso and Tessari, 2003). However, Muneer et al. (2021)
and Al-Khalaifah et al. (2022) indicate that reference values for hematocrit in birds generally
fall within the range of 25% to 50%. Values below this range may indicate anemia, while levels
above this limit may suggest conditions such as dehydration or polycythemia.

Studies involving the inclusion of biological silage from tambaqui (Colossoma
macropomum) at concentrations between 1% and 2% showed positive effects, promoting
improvements in egg quality, feed efficiency, and some hematological parameters, without
compromising the health or productivity of the birds (Guimaraes et al., 2025). Research on

Paullinia cupana suggests potential health benefits and effects on hematological parameters.
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The aqueous extract of guarana demonstrated antioxidant properties and attenuated renal and
hematological side effects in rats, including the restoration of white blood cell counts (Bell6 et
al., 2021).

The observed reduction in total protein, triglycerides, glucose, and uric acid levels in
response to the increased inclusion of PCPUM in the diet suggests a possible modulating effect
on energy and protein metabolism. Elevated triglyceride concentrations can negatively impact
growth performance (Zhou et al., 2020; Hu et al., 2021). The decrease in triglyceride and
glucose levels may be attributed to guarana's ability to promote lipolysis and lipid oxidation, as
well as influence blood glucose regulation. These effects align with studies highlighting the
thermogenic and metabolism-regulating properties associated with guarana, as evidenced by
(Lima et al., 2018; Bortolin et al., 2019).

There was a significant increase in cholesterol concentrations observed with the
inclusion of PCPUM in the diet. Studies demonstrate that the addition of guarana to diets can
have significant effects on lipid metabolism and cholesterol levels. Ruchel et al. (2017)
observed that guarana was able to reduce total cholesterol and low-density lipoprotein
cholesterol in rats with hypercholesterolemia, pointing to potential anti-inflammatory
properties of this plant. On the other hand, Lima et al. (2018) found that guarana
supplementation in mice fed a high-fat diet did not alter cholesterol levels but promoted
improvements in metabolic parameters, suggesting a stimulation of energy metabolism and
mitochondrial biogenesis. It is worth noting that hematological and serum biochemical
parameters are essential indicators for understanding the results, as they provide relevant
information about the nutritional status of birds subjected to the evaluated diets (Campbell,
2004).

The results presented in the study demonstrate that the inclusion of 7.5% PCPUM in the
diet of slow-growing broilers significantly influenced slaughter weight and carcass yield, as
well as higher weights of liver, gizzard, and paws, and greater yields of breast, thigh, and
drumstick. These findings suggest that PCPUM may have a positive effect on the body
development of the birds, possibly due to bioactive compounds in guarana that stimulate
metabolism (Silva et al., 2019), which influenced feed efficiency through diet composition and
genetic factors (Del Vesco et al., 2015).

The improvement in the yield of premium cuts, such as the breast, is particularly
relevant, given the high demand for this part of the carcass in the consumer market. Holanda et
al. (2015), while investigating the impact of adding whole cassava meal to the diet of free-range

broilers, did not observe any effect of the treatments on the percentage yields of commercial
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cuts and carcass viscera. They concluded that it is possible to include up to 48% of this
ingredient in the feed without compromising the zootechnical performance of the birds.

The inclusion of PCPUM in the diet did not exert a significant impact on the proximal
composition of breast meat, maintaining the quality of the product. The absence of changes in
the centesimal composition suggests that PCPUM does not interfere with the basic nutritional
properties of the meat, which is relevant for the poultry industry, which seeks to maintain
consistent quality standards. Meat quality is influenced by physicochemical characteristics, as
highlighted by Ferreira et al. (2023). Additionally, Monte et al. (2012) and Moura et al. (2015)
corroborate the importance of chemical and physical analyses in evaluating meat quality,
emphasizing that quality should be measured through objective tests rather than subjective
judgments.

Regarding the animals used in the study, slow-growing broilers exhibit lower mortality
rates and fewer locomotor problems (Dixon, 2020; Rayner et al., 2020). In general, they display
greater physical activity and more favorable welfare indicators compared to fast-growing
breeds (Dixon, 2020; Rayner et al., 2020; van der Eijk et al., 2022), making them a promising
segment (Morais et al., 2015). According to Cordeiro et al. (2014), in areas with high
temperatures, the selection of breeds that demonstrate adaptability and resistance to thermal
stress is crucial to ensure the production of quality meat, as environmental factors significantly

influence the development and productivity of broilers (Souza et al., 2015).

CONCLUSION

Based on the results obtained, the inclusion of 7.5% PCPUM in the diet of slow-growing
broilers showed positive impacts on growth performance, improving feed efficiency and
slaughter weight without compromising meat quality. Additionally, an increase in hemoglobin
and hematocrit levels was observed, as well as a reduction in triglyceride and glucose levels,
indicating metabolic benefits from the inclusion of this agro-industrial by-product. The absence
of adverse effects on the proximate composition of the breast meat reinforces the feasibility of
using PCPUM in poultry feed as a sustainable alternative. Thus, utilizing this feedstuff can
represent a promising strategy to reduce production costs and promote sustainability in poultry
farming, especially in regions such as the Amazon, where logistical challenges increase the cost
of conventional diets.
Data availability
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Abstract: The study evaluated the inclusion of guarana by-products, guarana peel meal
(GPEM) and guarana pulp meal (GPUM), in diets for slow-growing broilers to assess their
impact on growth performance and economic feasibility. To evaluate the effects of guarana by-
products, two experiments were conducted. In both experiments, 240 slow-growing male
broilers of the Label Rouge strain were used. Both experiment 1 (testing GPEM) and
experiment 2 (testing GPUM) were conducted using a completely randomized design, with
treatments consisting of a control diet (without the inclusion of the product being tested) and
four levels of inclusion of the tested product (2.5%, 5.0%, 7.5%, and 10%) in the diets, each

with four replicates of 12 birds. GPEM, with higher fiber content, improved feed efficiency and
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weight gain at higher inclusion levels (up to 10%), while GPUM, with higher energy content,
showed optimal performance at intermediate levels (7.5%). Both by-products enhanced meat
production and economic re-turns compared to the basal diet. The results suggest that GPEM
is suitable for systems prioritizing feed efficiency and cost-effectiveness, while GPUM is better
suited for phases requiring higher energy intake and weight gain. Additionally, the use of these
agro-industrial residues promotes sustainability by integrating circular economy prac-tices into
poultry production. The findings highlight the potential of guarana by-products as alternative
feed ingredients to improve productivity and reduce costs, particularly in regions with abundant
availability of these residues.

Keywords: alternative food, Amazon, feed efficiency, Paullinia cupana, sustainability.

INTRODUCTION

In various regions of Brazil, especially in the Amazon, logistics for inputs significantly
increase the cost of feddstuffs used in the formulation and production of balanced diets (Cruz
et al., 2016). This scenario encourages research testing alternative feeds, especially these from
agro-industrial residues under the premise of reducing feed costs, which can account for 60%
to 80% of total production costs in activities such as poultry farming (Rufino et al., 2015; Cruz
et al., 2016; Costa et al., 2018a,b; Aride et al., 2020, 2018, 2016; Polese et al., 2022). These
residues are often processed into meals and incorporated into poultry diets as a nutritional
supplement, while also providing competitive advantages for producers (Cruz & Rufino, 2017).

The Amazon region presents numerous native species with economic, technological,
and nutritional potential, which have sparked scientific interest in various fields such as food,
pharmaceuticals, cosmetics, flavorings, and essences, as well as their potential applications in
animal feeding (Clement et al., 2005; Oliveira et al., 2010). In this context, one fruit that is
produced intensively and generates a large amount of residue during the harvest season, with
potential for use in animal feed, is guarana (Paullinia cupana) (Ferreira et al., 2022). This fruit,
even native to the Amazon, is cultivated in several parts of Brazil and holds great economic and
social importance due to its high demand from the beverage industry for the production of soft
drinks and energy drinks (Espinola et al., 1997; Marques et al., 2016; Ferreira et al., 2022).

Among the poultry farming segments that require these alternative feeds, slow-growing
broiler production has stood out, particularly for small and medium producers (Machado ef al.,
2018; Sarica et al., 2020; Cruz et al., 2023). These broilers exhibit greater tolerance to
temperature variations and resistance to certain microorganisms (Sarica et al., 2020), along with

a more gradual and proportional growth rate compared to fast-growing strains (Machado et al.,
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2018; Cruz et al., 2023). However, their longer growth period can lead to higher production
costs, making these strains less economically attractive for large-scale production, though they
remain appealing for alternative production systems (Lusk et al., 2019; Sarica et al., 2020).
References to the use of guarana or its by-products in poultry diets are very scarce in
the literature (Santos et al., 2024). However, considering its rich nutritional properties, the
volume of production that generates residues, and its importance to Brazilian agribusiness,
guarana by-products may exhibit good biological and productive potential as well as economic
viability for inclusion in poultry diets (Cruz & Rufino, 2017; Costa et al., 2018a,b; Santos et
al., 2024). Moreover, they contribute to a sense of circular economy within these production
chains (Cruz & Rufino, 2017; Oliveira, 2018; Ali et al., 2021). Based on this information, the
present study aimed to evaluate the growth performance and economic feasibility of slow-

growing broilers fe diets containing increase levels of guarana by-products.

MATERIALS AND METHODS

The current experiment was conducted at the Faculty of Agrarian Sciences of the
Federal University of Amazonas, located in Manaus City, Amazonas State, Brazil. All
experimental procedures were conducted in accordance with the guidelines of the Local

Experimental Animal Care Committee and were approved by the UFAM ethics committee

(protocol number 010/2022).

Acquisition and composition analysis of guarana by-products

The guarana by-products were obtained in the municipality of Maués, Amazonas,
located 259 km from Manaus, the state capital. The following steps were performed to obtain
guarana peel meal (GPEM): 1) Ripe guarana fruits underwent a manual harvesting process; 2)
The harvested fruits were stored in baskets for approximately three days, undergoing a
fermentation process; 3) The fruits were separated into seeds and peels; 4) The peels were
isolated as residues; 5) The seeds were processed for guarana extract extraction, used in the
production of carbonated beverages by the beverage industry; 6) The guarana peels were dried
in a closed-circulation oven at 105°C for 24 hours; 7) The dried guarana peels were ground in
a grain grinder using sieves with hole diameters similar to those used for corn (4 mm); and 8)
the final product, referred to as GPEM, was bagged and stored in a dry and ventilated location
for use in the preparation of experi-mental diets. To obtain guarana pulp meal (GPUM), the
following steps were performed: 1) Ripe guarana fruits underwent a manual harvesting process;

2) The harvested fruits were stored in baskets for approximately three days, undergoing a
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fermentation process; 3) The fruits were separated into seeds and peels; 4) The seeds were
processed for guarana extract extraction, used in the production of carbonated beverages by the
beverage industry; 5) The residues remaining from the seed extraction are separated and dried
in a closed-circulation oven at 105°C for 24 hours; 6) these dried residues were ground in a
grain grinder using sieves with hole diameters similar to those used for corn (4 mm); 7) the
final product, referred to as GPUM, is bagged and stored in a dry and ventilated location for
use in the preparation of experimental diets.

Before conducting the experimental stage, the proximate composition of both GPEM
and GPUM (Table 1) was determined at the Fish Technology Laboratory of UFAM. The dry
matter content was determined in an oven at 105 °C following the AOAC 925.10 (2019)
method. Mineral content was assessed by incineration in a muffle furnace at 550 °C, in
accordance with the AOAC 923.03 (2019) method. Lipid content analysis followed the AOCS
Ba 3-38 method. Total protein was determined using the Kjeldahl method, according to AOAC
920.87 (2019). Fiber content (crude fiber, neutral detergent fiber (NDF), and acid detergent
fiber (ADF)) was analyzed as described by Van Soest et al. (1991).

Table 1. Composition of guarand by-products tested.

Variables Guarana peel  Guarana pulp meal
meal
Dry matter, % 89.11 83.93
Crude protein, % 18.72 12.27
Fats, % 5.36 2.41
Minerals, % 5.33 1.01
Crude Fiber, % 44.04 29.17
Neutral detergent fiber, % 61.66 40.84
Acid detergent fiber, % 39.64 26.25
Soluble carbohydrates, % 26.55 55.14
Gross energy, kcal/kg 6,495.65 5,745.42
Metabolizable energy’, kcal/kg 2,258.64 2,828.56

" Determined using the apparent metabolizable energy calculation method described by
Sakomura and Rostagno (2016) and Rostagno et al. (2024).

Facilities, animals and experimental design

To evaluate the effects of guarana by-products on growth performance and economic
viability, two experiments were conducted. The first assessed the effects of including GPEM
on these parameters, while the second evaluated the effects of including GPUM on the same
parameters. In both experiments, a poultry house with a ceiling height of 3.25 m was used, with

structural adaptations to improve bird welfare. Temperature and relative humidity were
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monitored using a small digital weather station, recording averages of 27.6 °C and 62.3%,
respectively. Throughout the experimental period, the broilers were monitored for potential
signs of heat stress caused by the environment, a condition that was not observed during the
entire experimental period in either experiment.

240 slow-growing male broilers of the Label Rouge strain were used in both ex-
periments, sourced from the Hatchery Center of UFAM's Poultry Sector. Initially, 1-day-old
chicks were housed in a brooder circle with wood shavings as bedding, tray feeders, and cup
drinkers, at a density of 50 birds/m?, with a central electric heating source, until they reached 7
days of age. Subsequently, they were allocated to their respective treatments in pens measuring
4 m? each, equipped with tubular feeders, pendulum drinkers, and wood shavings bedding on
the floor. The experimental stages were divided into an initial (8—28 days) and a final (29-56
days), during which the birds had ad libitum access to diets and water. A lighting program
suitable for slow-growing broilers was implemented (Wu et al., 2022).

Both experiment 1 (testing GPEM) and experiment 2 (testing GPUM) were conducted
using a completely randomized design, with treatments consisting of a control diet (without the
inclusion of the product being tested) and four levels of inclusion of the tested product (2.5%,
5.0%, 7.5%, and 10%) in the diets, each with four replicates of 12 birds. The experimental diets
(Tables 2 and 3) were formulated based on the reference values of Rostagno et al. (2024), except
for the GPEM and GPUM, which used values from prior compositional analyses of the product.
The metabolizable energy values of these guarana by-products were determined using
estimation methods described by Sakomura and Rostagno (2016) and Rostagno et al. (2024).

The guarana by-products were a fixed component in the diet calculations, with other
feedstuffs values adjusted based on the inclusion levels proposed in the experiments. The diets
were formulated using the SuperCrac software (TD Software©, Vigosa, Brazil). The
composition of these diets was analyzed to confirm their proximate composition according to
the methods described by AOAC (2019), where moisture content was determined following
method 925.10, mineral content according to method 923.03, lipid content analyses followed
method Ba 3-38, total protein content was determined using method 920.87, and fiber content
(crude fiber, NDF, and ADF) was determined according to the methods described by Van Soest
etal. (1991).



Table 2. Composition of the experimental diets containing guarana peel meal.

178

Pre-initial

Initial (8 to 28 days)

Final (29 to 56 days)

Feedstuffs (1to7 0 2.5 5 7.5 10 0 2.5 5 7.5 10
days)

Corn 7,88% 58.07 58.07 54.68 51.06 47.45 43.83 63.34 62.88 59.99 56.37 52.75
Soybean meal 46% 38.32 38.35 38.69 39.06 39.44 39.82 32.53 30.64 30.89 31.27 31.64
Guarana peel meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2.50 5.00 7.50 10.00

Limestone 0.93 0.82 0.82 0.81 0.80 0.79 1.02 1.02 0.76 0.75 0.74
Dicalcium phosphate 1.79 1.79 1.80 1.81 1.82 1.83 1.55 1.58 1.59 1.60 1.61
Common salt 0.30 0.10 0.27 0.27 0.27 0.28 0.53 0.34 0.28 0.28 0.28
Vit. Min. supplement 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.50? 0.50? 0.50? 0.50? 0.50?
DL-methionine 99% 0.10 0.10 0.11 0.12 0.12 0.13 0.03 0.04 0.05 0.55 0.06
Soybean oil 0.00 0.27 0.64 1.37 2.09 2.82 0.50 0.50 0.96 1.19 2.41
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrients Guarantee levels®

Metabolizable energy, kcal/kg
Dry matter, %

Crude protein, %
Calcium, %
Available phosphorus, %
Sodium, %

Crude fiber, %

NDF, %

ADF, %

Total lysine, %

Total methionine, %
Total methionine + cystine, %
Total threonine, %
Total tryptophan, %

3,000.00 3,100.00 3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00

87.88
22.50
0.94
0.46
0.15
3.40
4.76
3.06
1.21
0.45
0.80
0.87
0.28

87.88

21.00
0.90
0.45
0.19
3.40

4.76
3.06
1.21
0.45
0.80
0.87
0.28

87.76

21.00
0.90
0.45
0.15
4.39
6.15
3.95
1.21
0.45
0.80
0.87
0.28

87.66
21.00
0.90
0.45
0.15
5.37
7.52
4.83
1.21
0.46
0.80
0.86
0.28

87.56

21.00
0.90
0.45
0.15
6.35
8.89
5.71
1.22
0.46
0.80
0.86
0.28

87.46

21.00
0.90
0.45
0.15
7.33
10.26
6.60
1.22
0.47
0.80
0.85
0.29

87.89
19.50
0.80
0.40
0.25
3.16
4.42
2.84
1.06
0.35
0.68
0.79
0.25

87.66
19.50
0.80
0.40
0.18
4.07
5.70
3.66
1.01
0.35
0.67
0.75
0.24

87.49
19.50
0.80
0.40
0.15
5.06
7.08
4.55
1.01
0.35
0.66
0.75
0.24

87.39
19.50
0.80
0.40
0.15
6.04
8.46
5.44
1.01
0.35
0.66
0.74
0.24

87.29
19.50
0.80
0.40
0.15
7.02
9.83
6.32
1.01
0.36
0.66
0.74
0.24

! Vitamin/mineral supplement — starter: Content per 1 kg of diet = Folic acid 800 mg, Pantothenic acid 12,500 mg, Antioxidant 0.5 g, Biotin 40
mg, Niacin 33,600 mg, Selenium 300 mg, Vitamin A 6,700,000 IU, Vitamin B1 1,750 mg, Vitamin B12 9,600 mcg, Vitamin B2 4,800 mg,
Vitamin B6 2,500 mg, Vitamin D3 1,600,000 IU, Vitamin E 14,000 mg, Vitamin K3 1,440 mg. Mineral supplement — content per 0.5 kg =
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Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

2 Vitamin/mineral supplement — finisher: Content per 1 kg of diet = Folic acid 650 mg, Pantothenic acid 10,400 mg, Antioxidant 0.5 g, Niacin
28,000 mg, Selenium 300 mg, Vitamin A 5,600,000 IU, Vitamin B1 550 mg, Vitamin B12 8,000 mcg, Vitamin B2 4,000 mg, Vitamin B6 2,080
mg, Vitamin D3 1,200,000 IU, Vitamin E 10,000 mg, Vitamin K3 1,200 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg,
Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

3 Levels analyzed and calculated on a dry matter basis.
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Pre-initial

Initial (8 to 28 days)

Final (29 to 56 days)

Feedstuffs (1to7 0 2.5 5 7.5 10 0 2.5 5 7.5 10
days)

Corn 7,88% 58.07 58.07 56.27 53.17 50.10 47.00 63.34 61,57 58,49 55,4 52,31
Soybean meal 46% 38.32 38.35 35.77 35.66 35.55 35.43 32.53 30,5 30,39 30,28 30,17
Guarana pulp meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2,50 5,00 7,50 10,00

Limestone 0.93 0.82 0.83 0.82 0.81 0.81 1.02 0,76 0,75 0,75 0,74
Dicalcium phosphate 1.79 1.79 1.82 1.84 1.85 1.87 1.55 1,58 1,60 1,61 1,63
Common salt 0.30 0.10 0.27 0.28 0.28 0.28 0.53 0,28 0,28 0,28 0,29
Vit. Min. supplement 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.50? 0.50? 0.50? 0.50? 0.50?
DL-methionine 99% 0.10 0.10 0.14 0.15 0.16 0,18 0.03 0,05 0,06 0,07 0,08
Soybean oil 0.00 0.27 1.90 2.58 3.25 3.93 0.50 2,26 2,93 3,61 4,28
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrients Guarantee levels®

Metabolizable energy, kcal/kg
Dry matter, %

Crude protein, %
Calcium, %
Available phosphorus, %
Sodium, %

Crude fiber, %

NDF, %

ADF, %

Total lysine, %

Total methionine, %
Total methionine + cystine, %
Total threonine, %
Total tryptophan, %

3,000.00 3,100.00 3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00

87.88
22.50
0.94
0.46
0.15
3.40
4.76
3.06
1.21
0.45
0.80
0.87
0.28

87.88

21.00
0.90
0.45
0.19
3.40
4.76
3.06
1.21
0.45
0.80
0.87
0.28

87.86

21.00
0.90
0.45
0.15
3.94
5.52
3.55
1.14
0.47
0.80
0.82
0.27

87.67
21.00
0.90
0.45
0.15
4.61
6.45
4.15
1.12
0.47
0.80
0.81
0.26

87.58

21.00
0.90
0.45
0.15
5.27
7.38
4.74
1.11
0.48
0.80
0.80
0.26

87.50

21.00
0.90
0.45
0.15
5.93
8.30
5.34
1.10
0.49
0.80
0.79
0.26

87.89
19.50
0.80
0.40
0.25
3.16
4.42
4.70
1.06
0.35
0.68
0.79
0.25

87.76
19.50
0.80
0.40
0.15
4.07
5.70
4.54
1,00
0,35
0,66
0,75
0,24

87.59
19.50
0.80
0.40
0.15
5.06
7.08
4.46
0,99
0,35
0,66
0,73
0,23

87.42
19.50
0.80
0.40
0.15
6.04
8.46
4.36
0,98
0,36
0,66
0,72
0,23

87.35
19.50
0.80
0.40
0.15
7.02
9.83
4.27
0,97
0,37
0,66
0,71
0,23

! Vitamin/mineral supplement — starter: Content per 1 kg of diet = Folic acid 800 mg, Pantothenic acid 12,500 mg, Antioxidant 0.5 g, Biotin 40
mg, Niacin 33,600 mg, Selenium 300 mg, Vitamin A 6,700,000 IU, Vitamin B1 1,750 mg, Vitamin B12 9,600 mcg, Vitamin B2 4,800 mg,
Vitamin B6 2,500 mg, Vitamin D3 1,600,000 IU, Vitamin E 14,000 mg, Vitamin K3 1,440 mg. Mineral supplement — content per 0.5 kg =
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Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

2 Vitamin/mineral supplement — finisher: Content per 1 kg of diet = Folic acid 650 mg, Pantothenic acid 10,400 mg, Antioxidant 0.5 g, Niacin
28,000 mg, Selenium 300 mg, Vitamin A 5,600,000 IU, Vitamin B1 550 mg, Vitamin B12 8,000 mcg, Vitamin B2 4,000 mg, Vitamin B6 2,080
mg, Vitamin D3 1,200,000 IU, Vitamin E 10,000 mg, Vitamin K3 1,200 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg,
Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

3 Levels analyzed and calculated on a dry matter basis.
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Experimental analysis

In both experiments, during 56 days, performance data (feed intake and weight gain)
were collected from the birds for use in the economic feasibility analysis following the
methodological procedures described by Costa et al. (2018a,b) and Rufino et al. (2018). At 56
days of age, after a 12-hour fasting period, 12 birds from each treatment group were randomly
selected for weighing, stunning by electric shock (40 V; 50 Hz), and slaughter by cutting the
jugular vein. The carcasses were then scalded in hot water (60 °C for 62 seconds), defeathered,
and eviscerated following the recommendations of Mendes and Patricio (2004).

For determining feed costs and production expenses, only the per-kilogram prices of the
feedstuffs used and their updated prices in the region during the experiment were considered.
The prices were as follows: corn, R$ 1.66; soybean meal, R$ 3.65; limestone, R$ 0.73;
dicalcium phosphate, R$ 4.50; common salt, R$ 0.83; DL-Methionine 99%, R$ 51.00; and
mineral and vitamin supplements (F1 - starter; F2 - grower; and F3 - finisher), R$ 28.35/kg
(average price). The cost of GPEM and GPUM was calculated considering only transportation
and handling expenses (labor), with estimated prices of R$ 0.30 and R$ 0.35 per kilogram,
respectively. Fixed costs included depreciation of facilities and equipment (maintenance, water,
electricity, etc.), where interest on capital remained unchanged in the short term and was
considered constant across all treatments. Variable costs included only bird feed expenses and
labor.

The variables were calculated based on the production of each plot. The Productive
Efficiency Index (PEI) was determined using the formula:

PEI=(DWG*VIAB*100)/FCR

Where:

DWG = daily weight gain of the plot (kg)

VIAB = viability of the plot (%)

FCR = feed conversion ratio of the plot (kg/kg)

The feed cost (FC, R$), the only production cost used as an analysis variable, was
determined through the acquisition of ingredients and feed preparation, estimated by the
formula:

FC=AFI*AP

Where:

AFI = accumulated feed intake of the plot (kg)



183

AP = average price per kilogram of feed, considering both stages (R$/kg)

For total meat production (kg) and meat production per square meter (kg/m?), the carcass
yield of slaughtered, scalded, defeathered, and cleaned animals was considered, as described
by Costa et al. (2018b) and Rufino et al. (2018). To calculate the production cost per kilogram
of meat (PCKG, R$/kg), the following formula was used:

PCKG=CA/PRODKG

Where:

FC = feed cost of the plot (R$)

PRODKG = meat production of the plot (kg)

To determine the production cost per square meter of meat (PCPSM, R$/m?), the
following formula was used:

PCPSM=CA/PRODSM

Where:

FC = feed cost of the plot (R$)

PRODSM = meat production per square meter of the plot (kg/m?)

The gross revenue (REV, R$) was calculated based on the relationship between meat
production and the selling price per kilogram of the product, using:

REV=Q*SP

Where:

Q = quantity of meat produced by the plot (kg)

SP = selling price per kilogram of meat produced (R$/kg)

It is important to note that the selling price per kilogram of chicken, applying a gross
margin value-added calculation, was determined based on the market price in the region, fixed
at R$ 8.00 per kg. Gross profit (PRO, R$) was calculated as the monetary difference between
the total revenue from the estimated sale of the chickens (kilograms of chicken meat) and the
discounted production cost, which derived from the feed cost, using the formula:

PRO=REV-FC

Where:

REV = gross revenue of the plot (R$)

FC = feed cost of the plot (RS)
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The profitability index (PL, %), which indicates the capital available after covering costs
(in this case, feed costs), was derived from the relationship between gross added value and gross
revenue, using the formula:

PI=(PRO/REV)*100

Where:

PRO = gross profit of the plot (R$)

REV = gross revenue of the plot (R$)

For the break-even point (BE, kg), the quantity of production required to achieve zero
return, covering all costs, was considered. In this case, it represents a partial break-even point,
as it reflects the production volume necessary to cover feed costs. The formula used was:

BE=REV/SP

Where:

REV = gross revenue of the plot (R$)

SP = selling price per kilogram of meat produced (R$/kg)
Statistical analyses

The statistical model adopted was as follows:

Y ik=pto ite ik

Where:

Yik = Observed value for the variable under study

p = Overall experiment mean

ai = Effect of GPEM or GPUM levels

eik = Experimental error

All data were analyzed using one-way ANOVA with R software (2021). Commands
were executed following Logan's (2010) guidelines. Tukey's Honest Significant Difference
(HSD) test was used to examine significant differences among the GPEM or GPUM levels
(independent variable) for each dependent variable evaluated. Results are presented as means,
and the significance level for differences was set at 0.05.

Subsequently, results for significant variables (p<0.05) were subjected to correlation
and polynomial regression analysis to evaluate the influence of the independent variable on the
dependent variables (Chatterjee & Hadi, 2006; Logan, 2010). The mathematical model, either

linear (Y = a + bx) or quadratic (Y = c + bx + ax2), was selected based on the influence of the
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independent variable on the dependent variable analyzed (Dormann et al., 2013). R-squared
values were also considered as a criterion to determine the best model (Chatterjee & Hadi, 2006;

Dormann et al., 2013).

RESULTS AND DISCUSSION
Experiment 1

The growth performance analysis of slow-growing broilers in the starter stage indicated
a significant effect (p<0.05) of GPEM inclusion on feed intake and weight gain (Table 4), with
the increasing inclusion of GPEM causing a linear increase in these variables, that is, the 10%
inclusion level of GPEM providing higher results. However, in the final stage, feed intake and
feed efficiency showed an opposite behavior, with the increasing inclusion of GPEM reducing
(p<0.05) the broilers' feed intake, and the 10% inclusion level of GPEM providing better feed
efficiency result. In this sense, weight gain in this stage increased (p<0.05) linearly as the
inclusion of GPEM in the diets increased.

When observing the cumulative growth performance, it was found that the inclusion of
GPEM did not significantly affect (p>0.05) the cumulative feed intake considering the entire
evaluated period. However, the cumulative results of weight gain and feed efficiency showed
that these variables were significantly influenced (p<0.05) by the inclusion of GPEM, with
weight gain increasing linearly and feed efficiency improving as the levels of GPEM in the
diets increased, that is, the 10% inclusion level of GPEM providing better cumulative weight
gain and feed efficiency results.

The inclusion of GPEM positively impacted most growth performance variables,
notably producing heavier broilers with improved feed efficiency. This result is particularly
significant given that GPEM contains a considerable amount of fiber, which increased the
dietary fiber levels from 4% to 7%. Despite this rise in fiber content, broiler performance was
not adversely affected by the progressive inclusion of GPEM. Fiber in poultry diets has
traditionally posed challenges for researchers and the industry, as the avian gastrointestinal tract
exhibits limited enzymatic activity for fiber digestion, particularly in broilers, potentially
restricting nutrient utilization (Azizi et al., 2021). Nonethe-less, studies by Gonzélez-Alvarado
et al. (2010), Mateos et al. (2012), Rufino et al. (2021) and Santos et al. (2024) suggest that
moderate fiber levels in poultry diets play a crucial role in enhancing physiological responses,
nutrient utilization, and overall growth performance. Jiménez-Moreno et al. (2009a,b) and
Svihus (2011) further emphasized that the beneficial effects of moderate fiber levels are linked

to improved digestibility through continuous gizzard stimulation, enhanced small intestine
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activity, and a positive impact on intestinal microbiota due to the prebiotic effects of fiber.

In this sense, Pushpakumara et al. (2017) found that including up to 15% palm kernel
meal in broiler diets improved feed efficiency and weight gain. Malhado et al. (2022) reported
no significant effects (p>0.05) on weight gain, final weight, or feed effi-ciency when using
barley residues in slow-growing broilers but noted a linear increase (p<0.05) in feed intake with
higher barley levels. Similarly, Costa et al. (2018a) observed improved weight and production
efficiency with tucuma meal inclusion, though levels above 25% negatively affected these
indices.

The high fiber content in many alternative feeds, derived from food processing residues,
can challenge nutrient metabolism and growth performance (Rufino et al., 2015; Cruz &
Rufino, 2017; Liu et al., 2018; Rufino et al., 2021; Cho et al., 2024). However, residues from
guarana processing, like GPEM, may provide additional benefits due to bioactive compounds
with antioxidant, antimicrobial, and stimulating properties, po-tentially enhancing nutrient
utilization and physiological responses (Marques et al., 2016; Yonekura et al., 2016; Cruz &
Rufino, 2017).



Table 4. Growth performance of slow-growing broilers fed diets containing increase levels of guarana peel meal'.
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Guarana peel meal levels, %

Stage  Variables? 000 250 500 =50 10.00 p-value> CV* % COR? MM® R2
FI 1.43> 1.48° 1.692 1.712 1.742 <0.01 7.52 0.47 Y =1.44+0.034x 0.96
Starter WG 0.87° 0.94®> 0.98® 1.012 1.06* <0.01 2.33 042 Y =0.882 +0.018x 0.94
FE 1.64 1.57 1.72 1.69 1.64 0.10 8.28 - - -
FI 2,952 3.01* 2982 3.012 2.63° 0.05 12.64 -0.08 Y =2.9269 + 0.0681x - 0.0094x> 0.95
Final WG 1.03> 1.04* 1.01° 1.03° 1.162 0.05 10.69 0.20 Y =1.004 +0.01x 0.92
FE 2.862 2.89% 20952 2.922 2.27° 0.05 4.59 -0.36 Y =2.8049 + 0.1197x - 0.0166x> 0.93
FI 4.38 4.49 4.67 4.72 4.37 0.09 5.35 - - -
General WG 1.90° 1.98° 1.99® 2042 2228 <0.01 4.69 0.29 Y =1.886 +0.028x 0.89
FE 2312 227* 2.35% 2.31°2 1.97° <0.01 4.58 -0.34 y=2.262 + 0.058x - 0.0083x> 0.91

I All data represent the average of 48 replicates (broilers) per treatment.
2 FI = Feed intake (kg/bird). WG = Weight gain (kg/bird). FE = Feed efficiency (kg/kg).
3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.
# CV = Coefficient of variation.
3> COR = correlation coefficient between the independent variable (GPEM levels) and the dependent variable analyzed.
¢ MM = Mathematical model adjusted according to the influence of the independent variable (Guarana peel meal levels) on the dependent variable.
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According to the evaluated results regarding the economic analysis of the performance
of slow-growing broilers fed diets containing GPEM (Table 5), no significant difference
(p>0.05) was observed among the treatments for the breakeven point variable. However, all
other variables were significantly affected by the inclusion of GPEM.

In the variables of productive efficiency, total production of chicken meat in kilograms,
and meat production per square meter, all broilers fed diets containing GPEM showed better
results, with a gradual improvement in efficiency as the inclusion level of this alternative
product increased. These findings align with results obtained by Costa et al. (2018a, b), who
reported improved broiler productivity when including increasing levels of tucuma residue flour
in their diets.

As mentioned above, the use of alternative foods in broiler diets often presents
challenges related to the balance between their composition and the effects on bird productivity.
Many of these feeds are by-products of the food processing industry, mainly composed of peels
and seeds, which naturally contain high fiber levels (Cruz & Rufino, 2017; Rufino et al., 2021).
However, depending on the specific feed used, its fiber content may vary and can be outweighed
by other nutrients of nutritional interest, such as proteins and soluble carbohydrates, which
affect feed efficiency and, consequently, productivity (Rufino et al., 2021; Rufino et al., 2023).

These results of productive indexes directly influence economic variables, such as feed
cost, production cost per kilogram, and production cost per square meter, which were higher in
several treatments that included GPEM. According to Rufino et al. (2015), higher inclusion
levels of alternative foods can result in fluctuations in the production volume required to cover
feed costs, affecting production costs either by increasing them, as seen in this study, or
lowering them as compensation for using cheaper ingredients.

Feed cost represents a significant component of production expenses, and the use of
agricultural residues in diets can impact these costs by replacing or reducing conventional
ingredients (Nogueira et al., 2014; Cruz & Rufino, 2017). Economic analyses of alternative
foods for poultry show that factors such as procurement logistics, production volume, and price
fluctuations are crucial in deciding whether to use alternative ingredients (Silva et al., 2009;
Rufino et al., 2015; Melo et al., 2017; Costa et al., 2018a,b; Batalha et al., 2019). These
parameters confirm the economic viability of alternative feeds, closely tied to performance
results (Pelizer et al., 2007; Costa et al., 2009).

In terms of gross income, gross profit, and profitability index, higher inclusion levels of
GPEM yielded better results, demonstrating a positive economic impact. Despite apparent

increases in production costs, productivity improvements effectively compensated for these,
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leading to favorable economic outcomes. According to Furtado et al. (2011), Rufino et al.
(2015), Cruz and Rufino (2017), and Brelaz et al. (2021), including alternative foods in poultry
diets can offer positive effects by utilizing regional agro-industrial by-products unsuitable for
human consumption, reducing production costs without compromising bird performance, or
enhancing productivity to offset costs. These impacts are especially significant for small and
medium-scale poultry operations.

Conducting an economic and financial feasibility analysis of investments is essential, as
it estimates and analyzes financial performance perspectives based on production outcomes
(Rufino et al., 2018). If alternative feeds fail to achieve comparable productive and economic
results to conventional feeds, they must be excluded from feed formulations or reconsidered for
use under different conditions (Rufino et al., 2015).

According to Cruz and Rufino (2017), an alternative feed must meet four essential
criteria to validate its use in animal production diets: (1) Proven biological composition with
potential for use without anti-nutritional factors; (2) Accessible logistics, sufficient production
volume, and year-round availability; (3) Cost similar to or lower than conventional feeds; and
(4) A positive impact on productivity, comparable to or exceeding that of conventional diets.
These criteria ensure effective technical decisions regarding the use of alternative feeds in

poultry diets (Melo et al., 2017; Rufino et al., 2021; Rufino et al., 2023).
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Table 5. Economic analysis of the performance of slow-growing broilers fed diets containing increase levels of guarana peel meal'.
Guarana peel meal levels, %

Variables® 0.00 > 50 =00 =50 10.00 p-value>  CV* % COR’ MM® R?
PRE-INI, R$/kg 3.09 3.11 3.14 3.18 3.21 - - - - -
PRE-FIN, R$/kg  2.97 2.90 291 2.94 2.97 - - - - -
PEI 169.91° 204.82* 204.74* 207.05* 208.47*° <0.01 6.19  0.76 Y =173.9+10.556x — 0.7382x>  0.86
FC, R$ 132.95°> 135.05° 141.61* 144.86*° 135.71°  0.03 545  0.48 Y =131.28 +3.5629x — 0.295x*>  0.71
PRODKG, kg 22.92¢ 2376 23.88° 24.60° 26.76* <0.01 723 092 Y =22.68 + 0.3408x 0.85
PCKG, R$/kg 580* 568> 593 589  507° 0.03 824  -0.56 Y =5.6826+0.1431x—0.0193x> 0.73
PRODSM, kg/m>  5.73°  594°> 597° 615  6.69°  <0.01 723 092 Y =5.67 + 0.0852x 0.85
PCPSM, R$/m>  33.24> 33.76° 35.40* 36.21° 33.93*  0.03 545 048  Y=32.823+0.8881x—0.0735x> 0.71
REV, R$ 160.44° 166.32° 167.16° 172.20° 187.32* <0.01 723 092 Y = 158.76 + 2.3856x 0,85
PRO, R$ 27.49°>  31.27° 2555 2734 51.612 0.01 525  0.64  Y=30.717-3.7693x + 0.5542x>  0.78
PI, 17.13>  18.80° 15.28> 15.88° 27.55° 0,03 486  0.56 Y =18.79 —2.0398x + 0.2757x>  0.73

BE, kg 1899 1929 2023 20.69  19.39 0.51 5.45 - - -

I All data represent the average of 48 replicates (broilers) per treatment.

2 PRE-INI = Price of initial diets. PRE-FIN = Price of final diets. PEI = Productive Efficiency Index; FC = Feed Cost; PRODKG = Total Meat
Production (kg); PCKG = Production Cost per kg; PRODMQ = Meat Production per m?; PCPSM = Production Cost per m?; REV = Gross Revenue;
PRO = Gross Profit; PI = Profitability Index; BE = Break-even point.

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (GPEM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana peel meal levels) on the dependent
variable.
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Experiment 2

The growth performance analysis (Table 6) of slow-growing broilers in the starter stage
showed that increasing GPUM levels significantly (p<0.05) influenced feed intake and weight
gain, with 7.5% GPUM inclusion yielding higher results for these parameters. Regarding feed
efficiency, GPUM inclusion had a positive effect, as all slow-growing broilers fed diets
containing GPUM demonstrated better feed efficiency than those fed the basal diet, with 5%
GPUM inclusion providing the best results for feed efficiency. In the final stage, similarly,
slow-growing broilers fed diets with 7.5% GPUM inclusion exhibited higher (p<0.05) feed
intake. However, in this stage, broilers fed diets with 2.5% GPUM inclusion achieved better
feed efficiency. Cumulatively, all slow-growing broilers fed diets containing GPUM showed
higher (p<0.05) feed intake and weight gain compared to those fed the basal diet, with 7.5%
inclusion providing optimal results. Feed efficiency during this period exhibited significant
(p<0.05) improvement up to 7.5% inclusion, beyond which no further improvements were
observed.

When comparing the results of experiment 2 using GPUM with those obtained in
experiment 1 using GPEM, it stands out that GPUM promoted higher feed intake across all
stages, especially at the 7.5% inclusion level, whereas GPEM showed a reduction in
consumption during the final stage. This reduction may be associated with the higher fiber
content, which, although potentially limiting intake, stimulates gizzard function and enhances
nutrient digestibility (Sacranie et al., 2012; Jiménez-Moreno et al., 2019; Santos et al., 2024).
In terms of weight gain, both guarana by-products had positive impacts, but the effect of GPEM
was linear and more pronounced at higher inclusion levels (10%), while GPUM showed optimal
results at 7.5%, suggesting that its nutritional profile effectively supports growth at moderate
inclusion levels. Regarding feed efficiency, GPEM showed significant improvements across all
stages, with the best cumulative performance at 10% inclusion, whereas GPUM achieved peak
efficiency at moderate inclusion levels (5%-7.5%).

These observed differences can be primarily attributed to the fiber profile of each by-
product. The higher fiber content in GPEM may have stimulated increased gizzard activity,
promoting more efficient digestibility and consequently better feed efficiency, as reported in
studies highlighting the benefits of moderate fiber levels in poultry diets (Sacranie et al., 2012;
Abdollahi et al., 2019; Jiménez-Moreno et al., 2019; Santos et al., 2024). In contrast, GPUM,
with its lower fiber content and higher metabolizable energy (2,828.56 kcal/kg for GPUM
versus 2,258.64 kcal/kg for GPEM), favored more consistent feed intake and higher weight
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gains, which aligns with findings from other studies using agricultural by-products with
moderate fiber levels (Jiménez-Moreno et al., 2009; Costa et al., 2018b; Oliveira, 2018; Rufino
et al., 2024).

These results reinforce important insights reported in the literature, which suggest that
the impact of fiber in poultry diets depends not only on its quantity but also on its composition
and interaction with other nutrients (Sanchez et al., 2021; Tejeda & Kim, 2021; Santos et al.,
2024). Previous studies indicate that insoluble fibers, such as those in GPEM, may be more
effective at stimulating gastrointestinal motility and improving digestibility in slow-growing
broilers, whereas soluble fibers, present in smaller proportions in GPUM, tend to have a lesser
effect on gastrointestinal function (Mateos et al., 2012; Sanchez et al., 2021; Tejeda & Kim,
2021; Machado et al., 2022).

Thus, the cumulative effects observed in both experiments underscore the importance
of energy balance and nutrient profile when choosing a guarana by-product for the diet of slow-
growing broilers. Overall, while GPEM demonstrated a greater ability to sustain performance
throughout the production cycle, GPUM exhibited superior performance during the early and
intermediate stages. This difference could have significant practical implications depending on
the production system's objectives. In systems prioritizing feed efficiency and cost reduction,
GPEM emerges as a more advantageous choice (Willems et al., 2013; Zampiga et al., 2021).
Conversely, GPUM may be better suited for systems aiming to maximize feed intake and
weight gain during critical growth periods, particularly in nutritional strategies focused on

accelerating initial growth (Willems et al., 2013; Prakash et al., 2020; Zampiga et al., 2021).
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Table 6. Growth performance of slow-growing broilers fed diets containing increase levels of guarana pulp meal'.

0

Stage Variables? 0.00 Gu;l.rgga pul; 51(;6&1 k;‘f;gs’ A)l 0.00 p-value>  CV* % COR> MM?® R?
FI 1.30°  1.51°  1.52°  1.63* 1.50° 0.04 10.72 047  Y=13051+0.0871x — 0.0066x> 0.89
Starter WG 0.50° 0.75* 0.78® 0.82* 0.74*  <0.01 8.31 0.60 Y =0.5151+0.0963x — 0.0074x>  0.95
FE 2618 199  1.94° 2.00° 2.02° <0.01 1493  -0.53 Y =2.5446-0.2057x + 0.0159x> 0.87
FI 2.83° 295> 3.10° 3.16° 3.04*  <0.01 5.17 0.59 Y =2.8086+0.0903x — 0.0065x>  0.93

Final WG .13 120 1.19 1.19 1.05 0.10 8.34 - - -
FE 249° 245° 259° 265° 290? 0.02 8.62 0.65 Y =2.412 + 0.0408x 0.82
FI 4.13° 4.46° 4.63> 480° 455>  <0.01 6.44 0.57 Y =4.1123+0.1798x — 0.0133x>  0.95
General WG 1.64° 196 198 2.01* 1.80° <0.01 9.42 0.30 Y =1.654+0.1348x — 0.012x>  0.95
FE 2.52% 227° 233> 238 253  <0.01 5.67 0.13 Y =2.276 +0.2908x — 0.0488x>  0.82

I All data represent the average of 48 replicates (broilers) per treatment.

2 FI = Feed intake (kg/bird). WG = Weight gain (kg/bird). FE = Feed efficiency (kg/kg).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

# CV = Coefficient of variation.

5> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

¢ MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.
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In the results of the economic analysis (Table 7), all variables evaluated in experiment
2 were statistically significant (p<0.05). Overall, these economic results from experiment 2
showed interesting differences compared to those observed in experiment 1, reflecting the
distinct nutritional characteristics of the guarana by-products evaluated. Increasing levels of
GPUM inclusion resulted in a proportional rise in feed cost, reaching the highest value at the
7.5% inclusion level. This was also reflected in the cost per kilogram of meat produced, which
significantly increased at higher inclusion levels. These results contrast with those of
experiment 1, where GPEM demonstrated greater stability in production costs, even at higher
inclusion levels. As mentioned above, this difference can be partly attributed to the positive
effects of GPEM's insoluble fibers, which optimized digestibility and offset costs through
superior feed efficiency (Sacranie et al., 2012; Abdollahi et al., 2019; Jiménez-Moreno et al.,
2019).

In terms of meat production and gross revenue, both by-products showed positive gains
compared to the control, but with distinct patterns. GPUM inclusion led to higher meat
production and gross revenue at intermediate levels, from 2.5% to 7.5%, reflecting its higher
soluble carbohydrate content and metabolizable energy, which favored short-term productive
performance (Jiménez-Moreno et al., 2009; Costa et al., 2018b; Oliveira, 2018; Rufino et al.,
2024). In contrast, GPEM exhibited consistent increases in meat production and revenue across
all inclusion levels.

Gross profit and profitability index indicators also highlighted important economic
differences between the two by-products. GPUM showed better economic performance at
intermediate levels, but its viability was compromised at extreme levels, particularly at 10%
inclusion, where additional costs were not offset by increased production. This contrasts sharply
with GPEM results, which maintained consistent economic outcomes across the entire range of
inclusion levels, with the best results observed at 10%. This reflects GPEM's ability to sustain
stable productive and economic performance throughout the production cycle.

In general, the key point in the contrast observed in the economic results of both
experiments lies in the relationship between the nutritional profiles and the economic costs of
the products and their productive responses. Although the higher fiber content of GPEM may
limit feed intake at certain times, it also promotes more efficient nutrient utilization, offsetting
the additional costs associated with diet formulation (Mateos et al., 2012; Melo et al., 2017;
Lusk et al., 2019). Conversely, GPUM, with its lower fiber content and higher energy density,
is more sensitive to higher inclusion levels, as energy saturation can lead to reduced feed

efficiency, directly affecting economic viability (Sacranie et al., 2012; Oliveira, 2018;
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Abdollahi et al., 2019).

Additionally, the difference in profitability results also reflects the composition of the
by-products. GPUM, with a lower protein content (12.27%) and mineral content (1.01%), lacks
some structural benefits provided by GPEM, such as greater metabolic stability and support for
intestinal microbiota development (Jiménez-Moreno et al., 2019; Sanchez et al., 2021; Tejeda
& Kim, 2021). This may explain why GPUM's profitability is more affected at extreme
inclusion levels, while GPEM maintains positive results due to the broader support provided by
its nutritional profile. It is also important to highlight that both options contribute to a more
sustainable approach to poultry production, promoting the use of agro-industrial residues and
potentially reducing indirect costs (Rufino et al., 2015; Costa et al., 2018b; Batalha et al., 2019;
Brelaz et al., 2019).
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Table 7. Economic analysis of the performance of slow-growing broilers fed diets containing guarana pulp meal.'

. 5 Guarana pulp meal levels, % p- CV4, 5 ¢ 5
Variables 000 250 500 750 1000  vale® %  COR MM R
PRE-INI, R$/kg 3,16 3,18 3,20 3,24 3,25 - - - - -
PRE-FIN, R$/kg 3,04 3,06 3,08 3,10 3,12 - - - - -
PEI 186.55> 214.01*° 187.38° 184.17° 164.62° 0.02 12.12 -047 Y =192 + 5.1206x — 0.8069x> 0.72
FC,R$ 153.96° 167.25° 174.60° 182.84* 173.69> <0.01 7.06 0.66 Y =153.17 + 7.2294x — 0.5027x>  0.95

PRODKG, kg 19.70°  23.59*  23.85% 24.22% 21.65* <0.01 942 030 Y =19.866+1.6452x — 0.1464x>  0.95
PCKG, R$/kg 7.82%  7.08°  7.32° 756°  8.04°  <0.01 587 029  Y=7.7286-02421x+0.0279x>  0.87
PRODSM, kg/m>  4.92°  589° 596  6.05° 541° <001 942 030 Y =4.9609+0.4113x - 0.0366x>  0.95
PCPSM, R$/m>  38.49° 41.81° 43.65* 4570° 4342° <0.01 706 0.66 Y =238294+1.806x-0.1256x>  0.95

REV, R$ 162.78° 188.76* 190.82* 193.78* 173.20°  0.01 9.12 022 Y=163.52+11.574x—1.0539x> 0.96
PRO, RS 8.81°  21.50*° 1621 10.94> -0.48° 0.03 951 -039  Y=10.338+4.343x—0.5509x>  0.91
PL, % 492°  11.38  846*  547°  -0.57° 0.02 9.75 -0.42 Y =5.7286+2.1895x — 0.2865x>  0.92
BE, kg 19.24°  20.90° 21.82° 22.85* 21.71® <0.01 7.06  0.66 Y =19.142 + 0.903x — 0.0627x>  0.95

! All data represent the average of 48 replicates (broilers) per treatment.

2 PRE-INI = Price of initial diets. PRE-FIN = Price of final diets. PEI = Productive Efficiency Index; FC = Feed Cost; PRODKG = Total Meat
Production (kg); PCKG = Production Cost per kg; PRODMQ = Meat Production per m?; PCPSM = Production Cost per m?; REV = Gross Revenue;
PRO = Gross Profit; PI = Profitability Index; BE = Break-even point.

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.
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CONCLUSIONS

The inclusion of guarané by-products (GPEM and GPUM) in diets for slow-growing
broilers has proven to be a viable alternative to enhance growth performance and economic
feasibility, promoting the sustainable use of agro-industrial residues. GPEM, despite its higher
fiber content, delivered better results in feed efficiency and weight gain at higher inclusion
levels (up to 10%), while GPUM was more efficient at intermediate levels (7.5%). Both by-
products contributed to greater meat production and economic returns compared to the basal
diet, with positive impacts varying according to inclusion levels. The results highlight the
importance of considering the specific goals of the production system when selecting the most
suitable by-product. The use of GPEM is recommended for systems prioritizing feed efficiency
and cost-effectiveness, while GPUM appears to be more appropriate for phases that require

higher energy intake and weight gain.
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ABSTRACT: The objective of this study was to evaluate the effect of including guarana by-
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guarana pulp meal (GPUM). In each trial, 240 broilers were allocated to diets containing 0, 2.5,
5,7.5,0r 10% inclusion levels. At 56 days of age, the birds were slaughtered, and breast samples
were analyzed for proximate composition and sensory characteristics. For GPEM, a linear
increase in moisture and lipid content was observed, along with a linear decrease in mineral and
protein content. Sensory analysis showed improved flavor and appearance at 10% inclusion and
optimal texture at 5%. For GPUM, no significant changes were detected in the proximate
composition. However, there was a linear improvement in flavor, texture, and appearance, with
optimal color observed at 2.5% inclusion. Aroma was not affected in either trial. GPUM
preserved the nutritional profile while enhancing sensory qualities at all inclusion levels.
Although GPEM altered the proximate composition, it improved flavor and appearance at
higher inclusion levels (10%). It is concluded that both by-products show potential as
sustainable ingredients in poultry nutrition.

Keywords: broiler, meat quality, organoleptic properties, Paullinia cupana.

Practical Application: The inclusion of guarana by-products in diets for slow-growing broilers
represents an innovative and sustainable strategy to enhance meat sensory quality without
compromising its nutritional profile. Guarana pulp meal, in particular, preserved the proximate
composition and improved flavor, texture, and appearance at all tested levels. These findings
highlight the potential of Amazonian agro-industrial residues to reduce feed costs, promote

circular economy practices, and add value to regional products in poultry farming systems.

Relevance of the work: This study contributes to the valorization of Amazonian by-products
by evaluating the inclusion of guarana residues in the diet of slow-growing broiler chickens.
The results show that these by-products can improve the sensory attributes of meat without
compromising its nutritional composition, especially when using pulp meal. The research
promotes sustainable alternatives for poultry farming, with the potential to reduce costs and
environmental impacts, while adding value to regional agro-industrial residues, aligning with

the principles of bioeconomy and circular economy in animal production.
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INTRODUCTION

The poultry production chain continues to expand, consolidating its prominent position
in both production volume and per capita consumption rates (Piccolo et al., 2024), reaching
records above 45 kg/inhabitant/year. Brazil is the second-largest producer and the leading
exporter of poultry meat (ABPA, 2024). However, feed remains the primary economic
challenge in poultry farming, accounting for approximately 60—70% of total production costs
(Pérez-Palencia & Bolivar-Sierra, 2023). In response to this challenge, the use of alternative
feedstuffs emerges as a viable solution (Valentim et al., 2021; Cruz et al., 2016), with guarana
(Paullinia cupana) residues, by-products of a fruit native to the Amazon, standing out as
promising options (Schimpl et al., 2013). Nonetheless, further research is required to assess
their effects on animal growth, carcass quality, and the organoleptic characteristics of the meat
(Pinotti et al., 2023).

Although alternative feeds may offer nutritional and economic advantages, it is essential
to ensure that they do not negatively affect product quality (Brandao et al., 2023; Sanches et
al., 2023). In this context, sensory analysis plays a critical role in quality control (Oliveira et
al., 2022), helping to assess consumer acceptance and to standardize industrial processes (Arias-
Giraldo & Lopez-Mejia, 2022). Chicken meat is widely recognized for its balanced nutritional
profile (Bowles et al., 2019), primarily due to its low lipid content, high protein concentration,
and the presence of essential micronutrients (Vannier et al., 2022).

Consumers associate organoleptic attributes such as color, odor, flavor, and palatability
with overall product quality, key determinants of perceived value and acceptance (Vannier et
al., 2022), and these are the main attributes evaluated (Sanchez & Albarracin, 2010). Various
sensory methods, ranging from traditional to modern approaches, are applied to evaluate the
quality and market potential of meat products (Oliveira et al., 2022). The selection of a sensory
evaluation method depends on the specific characteristics of the product (Sanchez &
Albarracin, 2010), and such analyses are essential for product development, market
competitiveness, and meeting consumer expectations.

Moreover, evaluating the chemical composition of meat from animals fed with
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alternative ingredients is fundamental to developing cost-effective diets that utilize regional
feed resources (Brandao et al., 2023). Therefore, it was hypothesized that the inclusion of
guarana by-products in the diets of slow-growing broilers would not negatively affect the
proximate composition of breast meat. Furthermore, it was expected that these by-products
could enhance the sensory attributes of the meat, especially flavor, texture, and appearance,
depending on the inclusion level. Thus, the objective of this study was to assess the effects of
including guarana by-products (guarana peel meal (GPEM) and guarana pulp meal (GPUM))
in the diets of slow-growing broilers on the proximate composition and sensory attributes of

breast meat.

MATERIAL AND METHODS

This study was conducted at the facilities of the Poultry Sector of the Faculty of
Agricultural Sciences, Federal University of Amazonas (UFAM), located in the southern sector
of the university campus in Manaus, AM, Brazil. The experimental protocol was submitted to
the Ethics Committee on the Use of Animals of the aforementioned university (Protocol No.
010/2022).

The guarana by-products were acquired in the municipality of Maués, Amazonas,
located 259 km from Manaus, the state capital. After separating the fruit fractions, the peels
were dried in an oven (45 °C for 24 hours). The seeds were roasted, crushed, and subjected to
extract removal, generating the guarana cake, which was also dried in an oven (45 °C for 24
hours). All materials were transported by river to Manaus and ground using a 4 mm sieve
crusher, resulting in GPEM and GPUM. The by-products were bagged and stored in a dry
environment until use in the experimental diets.

Before the trials, the proximate composition of the guarana by-products (Table 1) was
determined at the Fish Technology Laboratory of the Faculty of Agricultural Sciences, UFAM.
Moisture content was determined using an oven at 105 °C, according to AOAC method 925.10
(2019); ash content by calcination in a muffle furnace at 550 °C, following AOAC method

923.03 (2019); lipid analysis followed the AOCS Ba 3-38 methodology; total protein was
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determined using the Kjeldahl method, as per AOAC method 920.87 (2019); and fiber content

was determined according to Van Soest et al. (1991).

Table 1. Composition of guarané by-products tested.

Variables Guarana peel meal Guarana pulp meal
Dry matter, % 89.11 83.93
Crude protein, % 18.72 12.27
Fats, % 5.36 241
Minerals, % 5.33 1.01
Crude Fiber, % 44.04 29.17
Neutral detergent fiber, % 61.66 40.84
Acid detergent fiber, % 39.64 26.25
Soluble carbohydrates, % 26.55 55.14
Gross energy, kcal/kg 6,495.65 5,745.42
Metabolizable energy”, kcal/kg 2,258.64 2,828.56

* Determined using the apparent metabolizable energy calculation method described by

Sakomura and Rostagno (2016) and Rostagno et al. (2024).

To evaluate the influence of guarana by-products on meat sensory characteristics, two
performance trials were conducted. The first trial assessed the effects of GPEM inclusion, and
the second examined the effects of GPUM. In both trials, 240 slow-growing male broilers of
the Label Rouge strain were used. Initially, one-day-old chicks were housed in a protective
circle with wood shavings as bedding, along with feeders and drinkers, until seven days of age.
They were then allocated to their respective treatments in pens equipped with tubular feeders,
pendulum drinkers, and wood shavings. The experimental period was divided into two phases:
initial (828 days) and final (29-56 days), with ad libitum access to feed and water. A suitable
lighting program for slow-growing broilers was adopted (Wu et al., 2022).

Experiments 1 (GPEM) and 2 (GPUM) followed a completely randomized design.
Treatments consisted of a control diet (0% inclusion) and four inclusion levels of the tested
product (2.5, 5.0, 7.5, and 10%), each with four replicates of 12 birds. The experimental diets
(Tables 2 and 3) were formulated based on the reference values of Rostagno et al. (2024), except
for GPEM and GPUM, which used values obtained from prior chemical analysis. Metabolizable

energy values of the guarana by-products were estimated using the methodologies described by
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Sakomura and Rostagno (2016) and Rostagno et al. (2024). The guarana by-products were
treated as fixed components in diet formulation, and other ingredients were adjusted

accordingly. Diets were formulated using SuperCrac software (TD Software©, Vigosa, Brazil).
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Table 2. Composition of the experimental diets containing guarana peel meal.

Pre-initial Initial (8 to 28 days) Final (29 to 56 days)
Feedstuffs
(1 to 7 days) 0 2.5 5 7.5 10 0 2.5 5 7.5 10
Corn 7,38% 58.07 58.07 54.68 51.06 47.45 43.83 63.34 62.88 59.99 56.37 52.75
Soybean meal 46% 38.32 38.35 38.69 39.06 39.44 39.82 32.53 30.64 30.89 31.27 31.64
Guarana peel meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2.50 5.00 7.50 10.00
Limestone 0.93 0.82 0.82 0.81 0.80 0.79 1.02 1.02 0.76 0.75 0.74
Dicalcium phosphate 1.79 1.79 1.80 1.81 1.82 1.83 1.55 1.58 1.59 1.60 1.61
Common salt 0.30 0.10 0.27 0.27 0.27 0.28 0.53 0.34 0.28 0.28 0.28
Vit. Min. supplement 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.502 0.502 0.50% 0.50% 0.50%
DL-methionine 99% 0.10 0.10 0.11 0.12 0.12 0.13 0.03 0.04 0.05 0.55 0.06
Soybean oil 0.00 0.27 0.64 1.37 2.09 2.82 0.50 0.50 0.96 1.19 2.41
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrients Guarantee levels®
Metabolizable energy, kcal/kg 3,000.00 3,100.00 3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00
Dry matter, % 87.88 87.88 87.76 87.66 87.56 87.46 87.89 87.66 87.49 87.39 87.29
Crude protein, % 22.50 21.00 21.00 21.00 21.00 21.00 19.50 19.50 19.50 19.50 19.50
Calcium, % 0.94 0.90 0.90 0.90 0.90 0.90 0.80 0.80 0.80 0.80 0.80
Available phosphorus, % 0.46 0.45 0.45 0.45 0.45 0.45 0.40 0.40 0.40 0.40 0.40
Sodium, % 0.15 0.19 0.15 0.15 0.15 0.15 0.25 0.18 0.15 0.15 0.15
Crude fiber, % 3.40 3.40 4.39 5.37 6.35 7.33 3.16 4.07 5.06 6.04 7.02
NDF, % 4.76 4.76 6.15 7.52 8.89 10.26 4.42 5.70 7.08 8.46 9.83
ADF, % 3.06 3.06 3.95 4.83 5.71 6.60 2.84 3.66 4.55 5.44 6.32
Total lysine, % 1.21 1.21 1.21 1.21 1.22 1.22 1.06 1.01 1.01 1.01 1.01
Total methionine, % 0.45 0.45 0.45 0.46 0.46 0.47 0.35 0.35 0.35 0.35 0.36
Total methionine + cystine, % 0.80 0.80 0.80 0.80 0.80 0.80 0.68 0.67 0.66 0.66 0.66
Total threonine, % 0.87 0.87 0.87 0.86 0.86 0.85 0.79 0.75 0.75 0.74 0.74
Total tryptophan, % 0.28 0.28 0.28 0.28 0.28 0.29 0.25 0.24 0.24 0.24 0.24

! Vitamin/mineral supplement — starter: Content per 1 kg of diet = Folic acid 800 mg, Pantothenic acid 12,500 mg, Antioxidant 0.5 g, Biotin 40 mg, Niacin 33,600 mg, Selenium
300 mg, Vitamin A 6,700,000 IU, Vitamin B1 1,750 mg, Vitamin B12 9,600 mcg, Vitamin B2 4,800 mg, Vitamin B6 2,500 mg, Vitamin D3 1,600,000 IU, Vitamin E 14,000
mg, Vitamin K3 1,440 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, lodine 1,500 mg.

2 Vitamin/mineral supplement — finisher: Content per 1 kg of diet = Folic acid 650 mg, Pantothenic acid 10,400 mg, Antioxidant 0.5 g, Niacin 28,000 mg, Selenium 300 mg,
Vitamin A 5,600,000 IU, Vitamin B1 550 mg, Vitamin B12 8,000 mcg, Vitamin B2 4,000 mg, Vitamin B6 2,080 mg, Vitamin D3 1,200,000 IU, Vitamin E 10,000 mg, Vitamin

K3 1,200 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, Iodine 1,500 mg.
3 Levels analyzed and calculated on a dry matter basis.
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Table 3. Composition of the experimental diets containing guarana pulp meal.

Pre-initial Initial (8 to 28 days) Final (29 to 56 days)
Feedstuffs
(1 to 7 days) 0 2.5 5 7.5 10 0 2.5 5 7.5 10
Corn 7,88% 58.07 58.07 56.27 53.17 50.10 47.00 63.34 61,57 58,49 55,4 52,31
Soybean meal 46% 38.32 38.35 35.77 35.66 35.55 35.43 32.53 30,5 30,39 30,28 30,17
Guarana pulp meal 0.00 0.00 2.50 5.00 7.50 10.00 0.00 2,50 5,00 7,50 10,00
Limestone 0.93 0.82 0.83 0.82 0.81 0.81 1.02 0,76 0,75 0,75 0,74
Dicalcium phosphate 1.79 1.79 1.82 1.84 1.85 1.87 1.55 1,58 1,60 1,61 1,63
Common salt 0.30 0.10 0.27 0.28 0.28 0.28 0.53 0,28 0,28 0,28 0,29
Vit. Min. supplement 0.50! 0.50! 0.50! 0.50! 0.50! 0.50! 0.502 0.502 0.50% 0.50% 0.50%
DL-methionine 99% 0.10 0.10 0.14 0.15 0.16 0,18 0.03 0,05 0,06 0,07 0,08
Soybean oil 0.00 0.27 1.90 2.58 3.25 3.93 0.50 2,26 2,93 3,61 4,28
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrients Guarantee levels®
Metabolizable energy, kcal/kg 3,000.00 3,100.00  3,100.00 3,100.00 3,100.00 3,100.00 3,200.00 3,200.00 3,200.00 3,200.00 3,200.00
Dry matter, % 87.88 87.88 87.86 87.67 87.58 87.50 87.89 87.76 87.59 87.42 87.35
Crude protein, % 22.50 21.00 21.00 21.00 21.00 21.00 19.50 19.50 19.50 19.50 19.50
Calcium, % 0.94 0.90 0.90 0.90 0.90 0.90 0.80 0.80 0.80 0.80 0.80
Available phosphorus, % 0.46 0.45 0.45 0.45 0.45 0.45 0.40 0.40 0.40 0.40 0.40
Sodium, % 0.15 0.19 0.15 0.15 0.15 0.15 0.25 0.15 0.15 0.15 0.15
Crude fiber, % 3.40 3.40 3.94 4.61 5.27 5.93 3.16 4.07 5.06 6.04 7.02
NDF, % 4.76 4.76 5.52 6.45 7.38 8.30 4.42 5.70 7.08 8.46 9.83
ADF, % 3.06 3.06 3.55 4.15 4.74 5.34 4.70 4.54 4.46 4.36 4.27
Total lysine, % 1.21 1.21 1.14 1.12 1.11 1.10 1.06 1,00 0,99 0,98 0,97
Total methionine, % 0.45 0.45 0.47 0.47 0.48 0.49 0.35 0,35 0,35 0,36 0,37
Total methionine + cystine, % 0.80 0.80 0.80 0.80 0.80 0.80 0.68 0,66 0,66 0,66 0,66
Total threonine, % 0.87 0.87 0.82 0.81 0.80 0.79 0.79 0,75 0,73 0,72 0,71
Total tryptophan, % 0.28 0.28 0.27 0.26 0.26 0.26 0.25 0,24 0,23 0,23 0,23

! Vitamin/mineral supplement — starter: Content per 1 kg of diet = Folic acid 800 mg, Pantothenic acid 12,500 mg, Antioxidant 0.5 g, Biotin 40 mg, Niacin 33,600 mg, Selenium
300 mg, Vitamin A 6,700,000 IU, Vitamin B1 1,750 mg, Vitamin B12 9,600 mcg, Vitamin B2 4,800 mg, Vitamin B6 2,500 mg, Vitamin D3 1,600,000 IU, Vitamin E 14,000
mg, Vitamin K3 1,440 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, Iodine 1,500 mg.

2 Vitamin/mineral supplement — finisher: Content per 1 kg of diet = Folic acid 650 mg, Pantothenic acid 10,400 mg, Antioxidant 0.5 g, Niacin 28,000 mg, Selenium 300 mg,
Vitamin A 5,600,000 IU, Vitamin B1 550 mg, Vitamin B12 8,000 mcg, Vitamin B2 4,000 mg, Vitamin B6 2,080 mg, Vitamin D3 1,200,000 IU, Vitamin E 10,000 mg, Vitamin
K3 1,200 mg. Mineral supplement — content per 0.5 kg = Manganese 150,000 mg, Zinc 100,000 mg, Iron 100,000 mg, Copper 16,000 mg, Iodine 1,500 mg.

3 Levels analyzed and calculated on a dry matter basis.
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At 56 days of age, after a 12-hour fasting period, 12 birds per treatment were randomly
selected for weighing, stunning by electric shock (40 V; 50 Hz), and slaughter via jugular vein
incision. Carcasses were scalded in hot water (60 °C for 62 seconds), plucked, and eviscerated
according to Mendes and Patricio (2004). Breast meat samples were collected and immediately
transported to the laboratory for proximate composition analysis, which included moisture,
mineral, fat, and protein contents. Mineral content was determined by muffle furnace
calcination at 550 °C following AOAC Method 923.03 (2019). Lipid content was determined
using the AOCS Ba 3-38 method, and total protein using the Kjeldahl method, following AOAC
Method 920.87 (2019). For sensory evaluation, breast cuts were collected, labeled by treatment,
and frozen. On the day of analysis, samples were thawed, wrapped in aluminum foil, and
cooked in an oven until reaching an internal temperature of 87 °C (Dutcosky, 1996).

Fifty untrained evaluators of both sexes were randomly selected. A 9-point hedonic
scale was used to assess the following attributes: color, flavor, aroma, texture, and appearance,
ranging from "disliked extremely" (1) to "liked extremely" (9), according to Dutcosky (1996).
Sensory evaluations were conducted in individual booths under white lighting at the Sensory
Analysis Laboratory of UFAM. Broilers breast meat was cut into uniform 1 cm cubes and
served hot (approximately 40 °C) in 50 ml disposable cups, each marked with a randomized 3-
digit code corresponding to one of the treatments. Each evaluator received one sample from
each treatment and a glass of mineral water to cleanse the palate between samples.

The collected data were analyzed by ANOVA using the R software (version 4.1.3).
Means were compared by Tukey’s test at a 5% significance level. In addition, linear regression

analyses were performed to evaluate the effects of inclusion levels on the response variables.

RESULTS

In the proximate composition of the breast meat (Table 4), a linear increase (p < 0.05)
in moisture and lipid content was observed as the levels of GPEM increased in the diets of slow-
growing broilers. Conversely, a linear decrease (p<0.05) in mineral and protein contents was
noted. However, no significant differences were found in the proximate composition of breast

meat from broilers fed increasing levels of GPUM (Table 5), indicating that GPUM inclusion
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preserved the basic nutritional profile of poultry meat.

Regarding the sensory characteristics of breast meat from slow-growing broilers, the
inclusion of GPEM produced significant results (Table 6). The scores ranged from 4.96 to 6.18
on the 9-point hedonic scale, where 1 indicates "disliked extremely" and 9 "liked extremely."
The most frequent ratings by panelists were 5 (indifferent) and 6 (slightly liked). Flavor and
appearance exhibited a linear increase from the control (0%) to the highest inclusion level
(10%), indicating greater acceptability at this level. This trend was supported by positive
correlations for both variables. For texture and color, a quadratic relationship was observed:
texture peaked at 5% inclusion, while color peaked at 7.5% GPEM inclusion. In contrast, aroma
did not differ significantly across GPEM inclusion levels, indicating that GPEM had no
perceptible effect on the aroma of broiler breast meat.

The inclusion of GPUM in the diets of slow-growing broilers demonstrated distinct and
significant effects on the sensory attributes of breast meat (Table 7). Flavor was the most
responsive parameter, showing a linear increase from the control diet (0%) to the highest
inclusion level (10%). Texture also improved consistently and significantly with increasing
GPUM inclusion, while appearance followed a similar linear trend. The robustness of the
regression models and the significant correlation reinforce the potential of guarana pulp as a
sensory-enhancing ingredient. A quadratic response was observed for color, with the highest

score at 2.5% inclusion. In contrast, aroma showed no significant differences among treatments.
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Table 4. Proximate composition of breast fillets from slow-growing broilers fed diets containing Guarana peel meal'.

Guarana peel meal levels, %

Variables? 0.00 750 500 730 10.00 p-value>  CV* % COR? MM¢ R2
MO 70.48+0.69° 71.20+0.23> 71.15+0.35° 73.04+0.76* 73.65+0.47* <0.01 1.83 0.63 Y =70.268 + 0.3272x 0.90
MI 1.21+0.022 1.14+0.06° 1.12+0.17° 1.04+0.23¢ 1.02+0.15°¢ <0.01 6.63 -0.79 Y =1.202 -0.0192x 0.96
FA 1.69+0.11° 1.39+0.15¢ 1.53+0.18° 1.58+0.13° 1.81+0.232 <0.01 10.12 0.38 Y =1.6526-0.0937x +0.0111x> 0.84
PR 26.62+0.59* 26.27+0.15* 26.20+0.18* 24.34+0.28> 23.52+0.36° <0.01 5.05 -0.65 Y =27.016 - 0.3252x 0.87

I All data represent the average of 12 replicates (broilers) per treatment.

2MO = Moisture (%). MI = Minerals (%). FA = Fats (%). PT = Proteins (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

5 COR = correlation coefficient between the independent variable (PCPM levels) and the dependent variable analyzed.

6 MM = Mathematical model adjusted according to the influence of the independent variable (PCPM levels) on the dependent variable.

Table 5. Proximate composition of breasts samples of slow-growing broilers fed diets containing increase levels of guarana pulp meal'.

Guarana pulp meal levels, %

Variables? 0.00 750 500 750 10.00 p-value? CV*, % COR? MM® R2
MOS 73.07+1.12 73.32+2.37 73.11+0.58 73.58+0.94 73.49+0,96 0.24 1.30 - - -
PRO 1.09+£0.20  0.98+0.33  1.01£0.23  0.78+0,20  0.97+0.17 0.39 1.96 - - -
FAT 1.75+£0.34  1.57+0.13  1.48+0.24 1.51+£0.35 1.24+0.22 0.31 1.41 - - -
MIN 24.09+2.87 24.13+4.45 24.404+3.56 24.13£2.96 24.30+3.13 0.22 1.79 - - -

! All data represent the average of 48 replicates (broilers) per treatment.

2 MOS = Moisture (%). PRO = Proteins (%). FAT = Fats (%). MIN = Minerals (%).

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

5> COR = correlation coefficient between the independent variable (GPUM levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana pulp meal levels) on the dependent variable.



Table 6. Sensory analysis of breasts samples of slow-growing broilers fed diets containing increase levels of guarana peel meal'.
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Guarana peel meal levels, %

Variables? 0.00 750 500 =50 10.00 p-value*  CV*% % CORS? MM® R2
APE 5.1242.00°  5.62+2.33%  5.84+2.19> 5.9242.20% 6.10+2.222 0.03 18.54 0.63 Y =5.268 + 0.0904x 0.89
TEX 5.52+1.88° 6.38+2.23* 6.42+2.03% 6.12+2.30° 5.9242.43b 0.05 16.13 0.33 Y =5.6126+0.3027x — 0.0281x? 0.85
ARO 5.76+£2.15 6.24+1.83 5.78+2.06 6.18+2.08 5.86+£2.00 0.87 13.94 - - -
COL 5.4242.03> 5.50+2.27° 5.66+1.97° 5.98+1.95% 5.28+1.80° 0.05 16.15 0.34 Y =5.328 +0.168x — 0.016x> 0.80
FLA 496+2.18° 5.7042.37° 5.94+2.29% 6.12+2.19%  6.04+2.492 0.02 10.55 0.64 Y =5.236 +0.1032x 0.85

I All data represent the average of 50 replicates per treatment.

2 APE = Appearance. TEX = Texture. ARO = Aroma. COL = Color. FLA = Flavor.

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

3> COR = correlation coefficient between the independent variable (Guarana peel meal levels) and the dependent variable analyzed.

® MM = Mathematical model adjusted according to the influence of the independent variable (Guarana peel meal levels) on the dependent variable.

Table 7. Sensory analysis of breasts samples of slow-growing broilers fed diets containing increase levels of guarana pulp meal'.

Guarana pulp meal levels, %

Variables? 0.00 250 500 750 10.00 p-value*  CV*, % COR® MM?¢ R2
APE 6.22+1.57° 6.11£1.63° 6.27£1.55® 6.59+£1.59* 6.77+1.55° 0.05 14.86 0.52 Y =6.076 +0.0632x 0.81
TEX 6.25+1.55> 5.96+1.99° 6.25£2.00® 6.81+1.82* 6.81+1.79° 0.04 18.81 0.42 Y =6.022 +0.0788x 0.87
ARO 6.35£1.76  6.61£1.65 6.07£1.72 6.11+£1.83  6.42+1.81 0.64 17.85 - - -
COL 6.24+1.69* 6.74+1.51* 6.20+1.55* 6.27+1.65° 6.25+1.29° 0.05 14.25 0.45 Y =6.3686 +0.0311x — 0.0049x>  0.76
FLA 5.42+2.49° 6.20+2.27° 6.20+2.41° 6.33+2.27° 6.37+1.90° 0.05 17.53 0.57 Y =0.0812x + 5.698 0.87

! All data represent the average of 50 replicates per treatment.

> APE = Appearance. TEX = Texture. ARO = Aroma. COL = Color. FLA = Flavor.

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05). not significant = p>0.05.

* CV = Coefficient of variation.

3> COR = correlation coefficient between the independent variable (Guarana pulp meal levels) and the dependent variable analyzed.
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DISCUSSION

The inclusion of GPEM in broiler diets resulted in a linear increase in moisture and lipid
contents, as well as a linear reduction in the mineral and protein contents of breast meat. GPEM
contains a considerable amount of fiber in its composition (Santos et al., 2024), which can
influence the metabolism of other nutrients (Rufino et al., 2021; Cho et al., 2024) and promote
water retention in muscle tissues. According to Carvalho & Brochier (2008), dietary
components can also influence meat composition; in their study, increasing brewery waste
levels in lamb diets led to higher muscle moisture.

The high concentration of soluble fiber in GPEM, corresponding to 61.34% of neutral
detergent fiber (NDF) (Santos et al., 2024), can increase intestinal viscosity and potentially
impair nutrient absorption (Hung et al., 2022), which may explain the observed reductions in
mineral and protein contents in chicken breast meat. In contrast, no significant differences were
found in the proximate composition of breast meat from broilers fed GPUM, supporting the
findings of Costa et al. (2020), who also reported no alterations in the proximate composition
of broiler meat. Other studies have shown that the inclusion of unconventional ingredients such
as rice bran, cassava leaves, leucaena hay, and tucuma bran at levels up to 10-15% in poultry
diets does not significantly affect meat quality parameters or chemical composition (Faria et
al., 2012; Chaves et al., 2024). Chemical and physical analyses are crucial to assess parameters
such as protein, lipid content, pH, and water retention capacity (Moura et al., 2015).

The samples with the highest flavor acceptability came from broilers fed with the 10%
inclusion level of both GPEM and GPUM. Flavor perception is a complex multisensory
experience involving taste, smell, and oral-somatosensory stimuli (Spence, 2015). Although
aroma scores did not differ significantly among treatments, olfactory perception plays a critical
role in the overall flavor experience (Duran & Costell, 1999).

Texture acceptability peaked at 5% GPEM inclusion, whereas for GPUM, the highest
inclusion levels yielded better sensory results. Although texture influences flavor perception
(Durén & Costell, 1999), this relationship was not evident in the present study. As Denardin et

al. (2023) noted, meat’s internal moisture content directly affects its juiciness and tenderness.
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The highest acceptability for color was observed at 7.5% GPEM inclusion and 2.5% GPUM
inclusion. Appearance responded positively to the increasing inclusion levels of both by-
products, with the highest scores recorded at 10%.

The poultry industry continues to face challenges in meeting consumer demands for
high meat quality. Sensory traits such as color, aroma, juiciness, tenderness, and texture are
increasingly prioritized (Osorio et al., 2009). Research on chicken meat consumption in Brazil
shows that consumers associate intrinsic characteristics, such as aroma, flavor, and juiciness,
with overall product quality (Vannier et al., 2022). Regional studies further emphasize the
importance of food preservation, facility hygiene, and product appearance in purchasing
decisions (Lima et al., 2020; Oliveira et al., 2015).

Another critical factor affecting meat quality, including color, flavor, and shelf life, is
lipid oxidation. Chicken and lamb meats are especially vulnerable due to their high levels of
unsaturated fatty acids (Mariutti & Bragagnolo, 2009; Lima Junior et al., 2013). Oxidation is
influenced by multiple factors, including processing, storage conditions, and slaughter methods
(Lima Junior et al., 2013). Natural antioxidants such as sage, garlic, and guarana seed extracts
have shown promising effects in preserving meat quality (Mariutti & Bragagnolo, 2009; Pateiro
et al., 2018). Notably, guarana seed extracts, which are rich in phenolic compounds, are
effective in inhibiting lipid and protein oxidation, surpassing synthetic antioxidants like BHT
(Pateiro et al., 2018). This may help explain the positive sensory attributes observed in breast
meat from broilers fed increasing levels of GPEM and GPUM.

Farias et al. (2020), while producing craft beer with guarana bark, found that higher
inclusion levels increased both bitterness and color intensity. This highlights the importance of
sensory evaluation in food product development, encompassing discriminative, descriptive, and
affective tests to assess sensory attributes and consumer acceptance (Teixeira, 2009). Similarly,
Rodrigues et al. (2024) reported high acceptability for rabbit meat kibbeh based on chemical
and sensory analyses, while cookies enriched with 5% sesame residue flour achieved higher
sensory scores than those with higher inclusion levels (Silva et al., 2023).

These studies reinforce that agricultural by-products can be effectively incorporated into
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various food products, whether for animal or human consumption, enhancing nutritional value
and reducing environmental impact. However, the optimal inclusion level depends on the

specific by-product and its intended application (Silva Junior et al., 2020).
CONCLUSION
This study evaluated the effects of including GPEM and GPUM on the proximate

composition and sensory attributes of breast meat from slow-growing broilers. GPUM proved
to be more versatile, as it preserved the nutritional quality of the meat and enhanced sensory
acceptance at all tested inclusion levels (2.5-10%). Although GPEM altered the proximate
composition, it improved key sensory attributes, such as flavor and appearance, at higher
inclusion levels (10%). The incorporation of guarana by-products into poultry diets aligns with
circular economy principles, contributing to waste reduction and lowering reliance on
conventional feed inputs. In summary, both by-products show potential as sustainable
ingredients in poultry farming, offering a pathway to increased innovation, cost reduction, and

valorization of Amazonian agro-industrial resources.
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APRESENTAGAO

A Amazénia é um celeiro de biodiversidade e
riqueza natural, mas muitas vezes, o0s
residuos gerados pela producdo de frutos
permanecem subutilizados.

Os residuos de frutos como 0 acai e guarana sao ricos em
nutrientes e podem melhorar a saude e o desempenho das
aves, além de proporcionar uma alternativa econémica para
os produtores. Este guia pratico foi desenvolvido com o
objetivo de auxiliar o pequeno produtor rural na adocao
desses alimentos alternativos, com informac¢des simples e
diretas, para facilitar sua aplicacao no dia a dia.

Dividido em tépicos faceis de seguir, o guia aborda as
fontes alimentares disponiveis e as técnicas para a sua
correta utilizacdo e preparo, garantindo que as aves
recebam uma alimentacao balanceada e saudavel.

Otima leitura!




ALIMENTOS
ALTERNATIVOS

Para frangos de corte de crescimento lento

‘ e Farelo da casca do guarana

‘ e Farelo da torta do guarana

e Farelo da torta do tucuma

Para poedeiras

e Farinha de card

Farelo de acai

e Farinha do residuo de buriti

Farelo da casca do tucuma

e Farinha de apara de mandioca

B K ed id

¢ Farinha de semente de urucum

Para ambas criagoes

{;%@ e Farelo de castanha de caju

®




INTRODUGAO

Dona Maria, uma grande produtora
de guarana percebeu que durante a
safra é gerado uma grande
quantidade da casca do guarana.

» Lembrou que leu um
artigo sobre o wuso do
Guarana na alimen-
tacao de frango
de corte e de outros
residuos que podem ser usados

' como alimentos alternativos e
resolveu , junto com os criadores da regiao produzir racdes

alternativas.

Dona Ana e Senhor Joao,
criadores de frangos de corte
e galinha de postura, ficaram
felizes com a noticia, pois durante
anos criando aves de a1
producao na Amazonia,
perceberam que o  maior custo
da sua producdo é com a
alimentacdo. E produzindo
racoes com alimentos
alternativos, usando residuos
que sdo encontrados na
regido, diminuird o custo com a
alimentacdo das aves.




Subprodutos do fruto do guarana

Os subprodutos do guarana, como a casca e a torta, sdo ricos em
fibras, compostos bioativos e antioxidantes, tornando-se potenciais
ingredientes na formulacdo de dietas para aves, com efeitos
positivos no desempenho produtivo e na qualidade da carne.

Da produg¢do anual de sementes de v Farelo da casca do guarané
guarana, s6 se utilizam as

améndoas para a producao do pé
do guarana e para a extracdo do
extrato do guaranda usado pela
induUstria de gaseificados, enquanto
as cascas, que representam 30% do
peso total das sementes, sdo
desprezadas.

Fluxograma da cadeia do guarana até a
producao do farelo da casca do guarana




Racao alternativa com o farelo da casca do guarana

Na tabela a seguir, sdo encontrados exemplos de uma racao
que atenda as exigéncias dos frangos de corte de crescimento
lento na fase inicial e final com a inclusao do farelo da casca do

guarana.
gos de corte de crescimento lento (1 a 56 dias) A inclusdo de 10% do
farelo da casca do
Pré-nicial | Inicial (8a28 | Final (29a56 guarana apresentou
(1a7dias) dias) dias) melhores resultados
na dieta de frangos de
58,07 43,83 52,75 corte de crescimento
lento.
\ Yy
38,32 39,82 31,64 o T
Composicao quimica do
farelo da casca do guarana
0,00 10,00 10,00 9)
VARIAVEIS VALORES® )
0,93 0,79 0,74 MATERIA SECA, %
PROTEINA BRUTA, %
1,79 1,83 1,61
LIPIDEOS (%)
0,30 0,28 0,28 MINERAIS, % I
FIBRA BRUTA, %
0,50 0,50 0,50 FIBRA DETERGENTE
NEUTRO, %
0,10 0,13 0,06 F'Bkﬁgugg,kgomn
CARBOQIDRATOS
0,00 2,82 2,41 SOLUVELS, %
' ' ’ ENERGIA BRUTA,
KCAL/KG 6.495,65
100,00 100,00 100,00 N ke o | 225860 |
f o,

f;
-
o

(
L
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Farelo da torta do guarana "

A torta do guarana é o residuo proveniente do processo de
extracao do extrato do guarana, a partir das améndoas torradas.

Fluxograma da cadeia do guarana até a producao
do farelo da torta do guarana




Racao alternativa com o farelo da torta do guarana

Na tabela a seguir, sao encontrados exemplos de uma ra¢ao que
atenda as exigéncias dos frangos de corte de crescimento lento na
fase inicial e final com a inclusdo do farelo da torta do guarana.

~

farelo da
guarana

lento.

Pré- nicial (1 Inicial (8 a 28 Final (29 a 56

a 7 dias) dias) dias)
58,07 50,10 55,40
38,32 35,55 30,28
0,00 7,50 7,50
0,93 0,81 0,75
1,79 1,85 1,61
0,30 0,28 0,28
0,50 0,50 0,50
0,10 0,16 0,07
0,00 3,25 3,61

100,00 100,00 100,00

\

A inclusao de 7,5% do
torta do
apresentou
melhores resultados na
dieta de frangos de
corte de crescimento

~

J

Composicao quimica do
farelo da torta do guarana

VARIAVEIS

MATERIA SECA, %

PROTEINA BRUTA,%

LIPIDEOS (%)

MINERAIS, %

FIBRA BRUTA, %

FIBRA DETERGENTE
NEUTRO, %

FIBRA DETERGENTE
ACIDO, %

CARBQIDRATOS
SOLUVEIS, %

ENERGIA BRUTA,
KCAL/KG

5,745.42

ENERGIA METAB.
KCAL/KG

2,828.56




° ©® Farelo da torta do tucuma

Os residuos resultantes do despolpamento do
tucuma (semente e casca), sao conhecidos como
torta de tucuma.

Fluxograma da producao do farelo da torta do tucuma
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Residuo da extracao do éleo do )
tucuma

Lavagem do torta do tucuma

Secagem ao sol

Trituracao da torta do tucuma s

Farelo da torta do tucuma

Os residuos gerados no processamento do tucumad, possuem potencial biolégico
para serem incorporados em dietas para aves, tanto para frangos de corte de
crescimento rapido quanto para os de crescimento lento.

/23 9)




Racao alternativa com o farelo da torta do tucuma

Na tabela a seguir, estd apresentado um exemplo de racdo
que atenda as exigéncias de galinha poedeira, com a inclusao
do farelo da torta do tucuma

rA inclusdo de 15% de1
farelo da torta do tucuma
em dietas na fase inicial

e Diets bacaldat para frangos de corte de

nicial (1 a i :

Ingredientes (Kg) L di;s) fi:af(zgs:s 6a di:;a crescimento  lento  da
linhagem Label Rouge em
confinamento nao afetou

Milho 7,88% 37,44 65,69 0 consumo de racéao.

Farelo de Soja 45% 40,53 30,40 Composicdo quimica do

farelo da torta do tucuma

Farelo fia torta do 15,00 0

tucuma VARIAVEIS VALORES

Calcario calcitico 0,78 0,77 MATERIA/SECA, % /i

PROTEINA BRUTA, % 4,99

Fosfato Bicalcico 1,85 1,57 FIBRA BRUTA (%) 29,09

FIBRA DETERGENTE 60.32
Sal comum 0,28 0,53 o HLL '
FIBRA DETERGENTE 4337
ACIDO, % i
PREMIX 0,50 0,50 LIPIDEOS, % 10,62
CINZAS, % 2,01
DL-Metionina 0,15 0,04 c os
ARBOIDRAT

- SOLOVELS, % 23524

Oleo de soja 3,47 0,50 ENERGIA BRUTA,

) KCAL/KE 6.110,33

Total 100,00 100,00 BNk B | 3.180,05




ALIMENTOS ALTERNATIVOS

PARA GALINHAS POEDEIRAS

Farinha de cara

A farinha de cara apresenta grande potencial para inclusdao em
racbes para poedeiras, especialmente devido a producgao
significativa dessa cultura na regidao Amazonica, realizada
principalmente por pequenos agricultores tradicionais.

Fluxograma da producdo da farinha de cara
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O card é uma espécie de inhame
comestivel origindria da América do
Sul. Seus tubérculos sdo ricos em
carboidratos, proteinas, sais minerais e
vitaminas, além de  possuirem
propriedades antimicrobianas,
Qiuréticas e energizantes. Ez""’.l 5*
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ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Racao alternativa com farinha de cara

Na tabela a seguir,esta apresentado um exemplo de racao que
atenda as exigéncias de galinha poedeira, com a inclusdao da
farinha de cara.

A inclusdo de 5% dg

farinha de <card como
alimento alternativo em

racbes de  poedeiras
Quantidade comerciais leves,
apresentadou melhor
5643 desempenho e resultados
: de bioquimica sérica.
25,98 5t B
Composicao quimica da /s
arinhade cara .
5,00 ;
VARIAVEIS VALORES
S 76 MATERIA SECA, % 95,54
' PROTEINA BRUTA, % 2,65
171 FIBRA BRUTA (%) 2,69
FIBRA DETERGENTE | 745
035 NEUTRO, % ?
' FIBRA DETERGENTE 364
ACIDO, % '
0,50 GORDURA, % 0,31
- <>
MATERIA MINERAL,
0,27 % 3,23
EXTRATO NAO
NITROGENADO, % | 56,66
ENERGIA BRUTA,
100,00 KCAL/KG A10.73
ENERGIA METAB.
KCAL/KG A453:5]




ALIMENTOS ALTERNATIVOS

A polpa de acai é o principal produto derivado do
processamento do fruto do acai. Corresponde a apenas 10%
da massa total do fruto, enquanto os restantes 90% sao
descartados como residuo. Esse descarte gera um volume
significativo de residuos anualmente, que, na maioria das
vezes, sdao eliminados de forma inadequada, sem serem
reintegrados em ciclos de reaproveitamento

Fluxograma da producao do farelo de agai




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Racao alternativa com farelo de acai

Na tabela a seguir, esta apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
da farelo de acai.

‘
A inclusdao de 10% de
farelo de acai na dieta de
aves de postura da

linhagem Hisex White
Ingredientes (Kg) Quantidade melhorou o desempenho
produtivo e a qualidade
Milho 7,88% 50,46 Lsensonal dos ovos. y
Farelo de Soja 45% 24,86 Composicéo quimica da
farelo de acai
Farelo de acaf 10,00 VARIAVEIS VALORES ‘z
MATERIA SECA, % } 89,12 '\_,
Calcério calcitico 9,76 PROTEINA BRUTA, % 5,25
FIBRA BRUTA (%) 25,30
Fosfato Bicalcico 1,74 FIBRA DETERGENTE 61.34
NEUTRO, % ;
Sal comum 0,35 F'BR'}\ESS,R&ENTE 42,33
GORDURA, % 4,12
PREMIX 0,50 MATERIA MINERAL, T 6.64
% ’
DL-Metionina 0,11 NIET’%‘QETNOA%’}JO% 58,69
) ENERGIA BRUTA,
Oleo de soja 220 KCAL/KG SBEN16
ENERGIA METAB.
KCAL/KG 2.538:48
Total 100,00 1 8




ALIMENTOS ALTERNATIVOS
PARR GALINHAS POEDEIRAS

O fruto do buriti é rico em vitamina A, B e C,
possui calcio, ferro e proteinas. Além de seu
consumo in natura, serve na composicdao de
doces, sucos, cremes, sorvetes e licores.

Fluxograma da producgao da farinha do residuo de buriti

(3]
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Residuo da extracgdo do 6leo
de buriti

e Secagem ao sol
e Trituracdo do buriti
e Farinha do residuo de buriti

O residuo da extracao do 6leo de buriti pode ser utilizado como
ingrediente na rag¢ao animal.




ALIMENTOS ALTERNATIVOS

PARA GALINHAS POEDEIRAS

Na tabela a seguir ,estd apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
da farinha do residuo de buriti.

; Y
Racdo para galinhas poedeiras S PRESIE RILTLGNF SIS
see Eeies P 25% do milho pela
farinha do residuo de
Ingredientes (Kg) Quantidade buriti em racdes bal,an'
ceadas para poedeiras
comerciais leves sem
Lqualidade dos ovos.
Farelo de Soja 45% 26,85
Composicao quimica da
farinha do residuo de
Farinha do residuo de buriti 25,00 buriti
L. iy VARIAVEIS VALORES
Calcario calcitico 9,73 -
MATERIA SECA, % 91,39
Fosfato Bicalcico 1,77 PROTEINA BRUTA, % 6,63
FIBRA BRUTA (%) 1,97
Sal comum 0,35 ;
EXTRATO ETEREO, % 13,72
MATERIA MINERAL,
PREMIX 0,50 % 3,33
EXTRATO NAO 65,86
DL-Metionina 0,33 NITROGENADO, %
ENERGIA BRUTA,
KCAL/KG 4286,94
ENERGIA METAB. W
Total 100,00 KCAL/KG 3927,29 o




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Farelo da casca ¢

Frutos de tucuma sao comercializados

m anualmente em feiras e mercados de Manaus,
! seu principal centro comercial, gerando um

grande volume de residuos.

Fluxograma da producao do farelo da casca do tucuma

©
4

Esses residuos, especialmente os provenientes da regido do &
mesocarpo do fruto (casca), possuem um excelente potencial

nutricional.




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Na tabela a seguir, esta apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
do farelo da casca do tucuma

" A substituicao de até |
60% do milho por farelo
da casca do tucuma em
Ingredientes (Kg) Quantidade racbes para poedeiras
comercials leves nao
—— 5466 causa impactos negativos
L0 fise ' no desempenho das aves
nem na qualidade dos
Farelo de Soja 45% 25,71 .
) kovos y
Composic¢ao quimica do
Farelo da casca do tucuma 35,34 farelo da casca do
tucuma
Calcério calcitico 9,19 =
VARIAVEIS VALORES
Fosfato Bicalcico 1,82 MATERIA SECA, % 89,07
PROTEINA BRUTA, % 10,39
Sal comum 055 FIBRA BRUTA (%) 14,04
PREMIX 0,50 EXTRATO ETEREO, % 10,79
. CINZAS, % 4,55
DL-Metionina 0,19 S ARBOIDRATOS o
TOTAIS, % ;
5 i ENERGIA BRUTA,
Oleo de soja 2,00 it dst 3.942,12
ENERGIA METAB.
Total 100,00 KCAL/KG 324531




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Farinha de apara de mandioca

A farinha da apara (ponta) da mandioca é obtida por meio
de cortes nas pontas da raiz no momento da comercializacao
ao consumidor, é uma forma tradicional de mostrar que o
produto esta em boas condicdes.

Fluxograma da producao da farinha de apara de mandioca

c Aparas de mandioca >

Lavagem das aparas de
o mandioca e o ‘
e Trituracao das aparas de "

mandioca Farinha de

aparade %
e Secagem - mandioca &3
S L = 3

e Farinha de apara de

mandioca




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Racao alternativa com farinha de apara de mandioca

Na tabela a seguir, estd apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
da farinha de apara de mandioca

Racdo para galinhas poedeiras
E possivel substituir
Quantidade 100% do milho pela
farinha da apara de
mandioca sem alterar a
! producao de ovos e
conversao alimentar.
30,48 \ J
Composigao quimica da
50,33 farinha de apara de
mandioca
4,00 VARIAVEIS VALORES
UMIDADE, % 12,23
500 PROTEINA BRUTA, % 2,43
FIBRA BRUTA (%) 4,91
8,83 EXTRATO ETEREO, % 0,35
CINZAS, % 2,03
0,76
0,30
0,15
0,15
100,00




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Farinha de semente de urucum ()

& 55

O urucum possui sementes ricas em
carotendides, e pode ser empregada em muitos
produtos e na alimentacdao humana e animal.
Para aves, as pesquisas concentram-se
basicamente em determinar niveis ideais de
inclusao dos subprodutos na dieta visando a manutenc¢ao da
produtividade e melhoria na cor da gema dos ovos e da pele e
carne dos frangos.

Fluxograma da producao da farinha de semente de urucum
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ALIMENTOS ALTERNATIVOS
PARR GALINHAS POEDEIRAS

Racao alternativa com farinha de semente de urucum

Na tabela a seguir, estd apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
da farinha de semente de urucum

Racdo para galinhas poedeiras rA inclusdo de 0,89% deﬁ
semente de urucum moida
Quantidade nas racdes a base de sorgo
nao prejudica o desempenho
. das aves e promove
pigmentacdao da gema dos
20,55 ovos semelhante a obtida
: com rac¢des a base de milho,
54,50 0 que mostra que € viavel a
utilizagdo de semente de
13,68 urucum moida em
substituicdo aos pigmen-
1,0 Ltantes sintéticos. F
7,97 Composigéo quimica da
farinha de semente de
136 urucum
0,37 VA’RIAVEIS VALORES
MATERIA SECA, % 91,32
0,34 PROTEINA BRUTA, % 12,99
FIBRA BRUTA (%) 2,34
0.23 EXTRATO ETEREO, % 5,0
100,00 MATERIA MINERAL,% 51
EXTRATO NAO

NITROGENADO, %




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

Farelo de casta .ha de caju

O farelo de castanha de caju é o subproduto oriundo do
beneficiamento da castanha de caju. E constituido por:
pedacos de améndoas com pintas pretas, causadas por pragas
e doencas; pedacos com manchas e com peliculas em
consequéncia do processamento; améndoas inteiras e
pedacos mofados pelas condi¢cdes de armazenamento.

Fluxograma da producao do farelo de castanha de caju
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Aproximadamente 30% da castanha de
caju processada ndo atinge o padrdo
minimo para consumo humano, sendo
direcionada para a alimentacdo animal.

@




ALIMENTOS ALTERNATIVOS
PARA GALINHAS POEDEIRAS

A"
a0 ¢ |ternat§% com farel?{lg» astanha de ¢

Na tabela a seguir ,estd apresentado um exemplo de racao
que atenda as exigéncias de galinha poedeira, com a inclusao
do farelo de castanha de caju

F i
Racdo para galinhas poedeiras O farelo de castanha de
caju pode ser incluido
Quantidade na dieta de galinhas
poedeiras, o recomen-
dado é que nado
& ultrapasse 10% da
racao total.
24,45 \ ¢ /
10,00 Composic¢do quimica do
farelo de castanha de
8,58 caju
1,78 VARIAVEIS VALORES
MATERIA SECA, % 96,96
0,35 -
PROTEINA BRUTA, % 27,50
087 EXTRATO ETEREO, % 36,09
MATERIA MINERAL,% 3,18
FIBRA DETERGENTE
s NEUTRO, % 2725
FIBRA DETERGENTE
0 ACIDO, % 20,44
ENERGIA BRUTA, 6.278,85
100,00 KCAL/KG




ALIMENTOS ALTERNATIVOS
PARA FRANGOS DE GORTE

A &
Na tabela a seguir, estd apresentado um exemplo de racao

que atenda as exigéncias de frango de corte, com a inclusao
do farelo de castanha de caju

Racdo para frangos de corte

. < ; Farelo de
Ingredientes (Kg) Imcnzl‘(1 a2l Faszggfal (21 a castanha
ias) ias) de cajo &jﬁ
Milho 7,88% 43,71 50,00
Farelo de Soja 45% 27,46 21,48
Fa!'lelo de castanha de 25,00 2500
caju
Calcério calcitico 1,12 1,28
Fosfato Bicalcico 1,68 1,33
Sal comum 0,37 0,30
PREMIX 0,45 0,47
DL-Metionina 0,21 0,14
Total 100,00 100,00

A inclusdo do farelo de castanha de caju na ra¢do para frangos de
corte, a partir de 10%, melhora o ganho de peso e a conversao
alimentar. :




FABRICAGAO DA RAGAO

Para a producao de uma ragao alternativa é necessario
os seguintes ingredientes :

e Milho ou sorgo

e S0ja

e Ingrediente alternativo
e Oleo de soja

e Calcario calcitico

e Fosfato bicalcico

e Sal comum

PREMIX

DL-metionina 99%

Primeiramente €& necessario realizar a pré- mistura,
usando um saco plastico forte. Use farelo de soja
moido como base e acrescente o suplemento
vitaminico e mineral.

Mexa o saco varias vezes até que a mistura fique
uniforme.

Obs.: Nao adicione sal comum refinado na pré-mistura, pois
ele pode oxidar as vitaminas lipossoluveis.

30




FABRICAGAO DA RAGAO

Mistura das matérias-primas sem adicao de 6leo vegetal

@ Triturar todos os ingredientes
© Pesar os ingredientes
© Com o auxiio de um saco resistente que aguente até 10 kg, ou
com o auxilio de um misturador de racao, coloque metade da
quantidade de milho da mistura;
e Adicione metade do farelo de soja;
e Coloque toda a pré-mistura;
e Adicione todos os ingredientes de origem vegetal;
e Coloque todo o sal comum refinado;
e Adicione os ingredientes mais densos, como calcario,
fosfato bicalcico;
e Coloque o restante do milho;
e Adicione o restante do farelo de soja (lembre-se de
descontar a quantidade usada na pré-mistura);
@ Mexa o saco vérias vezes até que a mistura fique uniforme;

© Racdo com ingrediente alternativo pronta.




FABRICAGAO DA RAGAO

Mistura das matérias-primas com adicao de 6leo vegetal

0 Triturar todos os ingredientes
Q Pesar os ingredientes

€© Com o auxiio de um saco resistente que aguente até 10 kg,
ou com o auxilio de um misturador de racdo, coloque
metade da quantidade de milho da mistura;
e Adicione metade do farelo de soja;
e Adicione o 6leo vegetal devagar sobre o farelo de soja,
pois ele sera absorvido pelo farelo.
e Coloque toda a pré-mistura;
e Adicione todos os ingredientes de origem vegetal;
e Coloque todo o sal comum refinado;
e Adicione os ingredientes mais densos, como calcario,
fosfato bicalcico;
e Coloque o restante do milho;
e Adicione o restante do farelo de soja (lembre-se de
descontar a quantidade usada na pré-mistura);

@ Mexa o saco varias vezes até que a mistura fique uniforme;
© Racio com ingrediente alternativo pronta.

(O uso de u)

misturador de ragdao
otimiza a producdo,

podendo produzir
qguantidades mais
elevadas. Para

pequenas quantidades,
pode-se usar um saco

@istente. J
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CONCLUSION OF THE THESIS

This thesis demonstrated, in an integrated manner and with methodological rigor, the
significant potential of including guarana (Paullinia cupana) byproducts, specifically guarana
peel and pulp, in diets for slow-growing broilers, offering a technically, economically, and
environmentally viable solution for poultry farming in the Amazon region. Based on a solid
theoretical foundation on the management and production of these birds (Chapter 1) and a
comprehensive mapping of alternative feeds already investigated in Brazil (Chapter 2), the
work focused on a regional resource abundant at a particular time of the year, guarana.

The detailed characterization of Amazonian production over 13 years (Chapter 3) not
only contextualized the availability of the raw material but also highlighted the opportunity to
add value to by-products generated on a significant scale. The chemical and bioactive analysis
(Chapter 4) was crucial, demonstrating that both guarana peel and pulp are rich sources of
phenolic compounds and possess high antioxidant activity, which are valuable attributes for
animal nutrition. They did not exhibit significant cytotoxicity under the conditions tested,
indicating their safety. The field experiments (Chapters 5 and 6) constituted the core of the
practical validation. The results consistently demonstrated that the inclusion of adequate levels
of guarana peel and pulp in the diets did not compromise the zootechnical performance (weight
gain, feed intake, feed conversion) of slow-growing broilers. More significantly, a positive
modulation of blood biochemical parameters was observed, suggesting possible beneficial
effects on the metabolism and antioxidant status of the birds. Carcass evaluation revealed
satisfactory yields, and meat quality analysis remained within desirable standards, confirming
the maintenance of the final product's standard.

Economic viability, a critical factor for adopting new practices, was robustly
demonstrated in Chapter 7. The analysis revealed that partially replacing conventional
ingredients with these regional byproducts can significantly reduce feed production costs,
making the strategy financially attractive for producers, particularly given the proximity of the
raw material source. Furthermore, Chapter 8, dedicated to the sensory analysis of chicken

breast, provided a crucial element for consumer acceptance. The results confirmed that the meat



259

from birds fed guarana by-products did not present significant negative sensory differences
compared to the meat from the control group, eliminating a potential market barrier.

Finally, Chapter 9, presented as a technical primer on alternative feeds for broilers in
the Amazon, fulfills the purpose of transferring the knowledge generated, consolidating the
information from this thesis and other relevant sources into a practical and accessible tool for
producers and technicians. In it, guarana peel and pulp are highlighted as scientifically validated
options. Therefore, the incorporation of guarana peel and pulp into the diet of slow-growing
broiler emerges as a robust applied technology, validated in its multiple dimensions (technical,
economic, sensory and product quality), offering a concrete path to increase the competitiveness
and sustainability of poultry production in the Amazon region, with potential for replication in

other systems that value precision nutrition and the use of by-products.
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ANNEX 1: Abstracts of papers presented at scientific events
Event: International Congress of Zoology.

Simple Abstract

SERUM HEMATOLOGICAL AND BIOCHEMICAL PARAMETERS OF SLOW-
GROWING BROILER CHICKENS FED DIETS CONTAINING GUARANA PEEL
MEAL

Adriene Nuzia de Almeida SANTOS;

Maria Fernanda da Silva GOMES;

Maiko Willas Soares RIBEIRO;

Cristiane Cunha GUIMARAES;

Pedro Henrique Santos Pedreno BELTRAO;
Tiago Cabral NOBREGA;

Rayana Melo PAIXAO;

Alexandre Augusto BARAI;

Thayson Pinto LIMA;

Adriano Teixeira de OLIVEIRA.

Keywords: Alternative food, Poultry farming, Physiology, Paullinia cupana

Guarana (Paullinia cupana) is an Amazonian fruit that is produced extensively and practically
exclusively in Brazil. As it is a genuinely Brazilian plant, it has great economic and social
importance, especially in the Amazon region, due to the high demand for seeds by the beverage
industry to meet the soft drink and energy drink markets. The vegetable by-products from the
processing of this product have been seen as potential sources of valuable compounds; however,
it is extremely important that before including them in animal feed, they undergo some
evaluations, such as physiological parameters. The study aimed to evaluate the effect of
including different levels of guarana peel meal on the physiology of slow-growing broiler
chickens. The field experiment was conducted at the facilities of the Poultry Sector of the
Faculty of Agricultural Sciences of the Federal University of Amazonas. The birds fed with
different levels of guarana bark meal (0; 2.5; 5; 7.5 and 10%) were subjected to a 12-hour solid
fast, two birds per plot were selected (n=40 birds) and blood samples were collected in the
morning. 1 mL of blood was collected from the birds directly from the ulnar vein, mediated by
disposable syringes containing heparin anticoagulant (5000 IU). The samples were identified
and preserved at -4 °C throughout the collection process and sent to the laboratory for analysis
of hematological and blood biochemical parameters. In the results of the hematological
parameters, the highest level of inclusion of guarana peel meal in the diet (10%) led to a
reduction in the concentration of erythrocytes (2.21 M/mm3) and in the hematocrit percentage
(28.12%) of the slow-growing chickens evaluated. In contrast, there was an increase in the
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results of mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC), and the inclusion of 7.5% of guarana bark meal obtained the highest
result for MCH (44.18 pg/cell) when compared to the other treatments (0; 2.5; 5 and 10%), with
values of 36.25; 33.69; 44.18 and 35.41 pg/cell, respectively, as well as for the mean
corpuscular volume (MCV), obtaining an increase for the highest level of inclusion of guarana
peel meal in the diet (127.83 um?). In the results of the serum biochemical parameters, only the
blood triglyceride concentration of the animals that participated in this study was significantly
influenced by the inclusion of guarana peel meal in the diets, where as the inclusion levels
increased (0; 2.5; 5; 7.5 and 10%), there was a linear reduction in the concentration of
triglycerides in the blood (134.63; 100.97; 57.25; 54.13 and 40.25 mg/dL), respectively. From
the results obtained, it was possible to conclude that the highest levels of inclusion of guarana
peel meal in the diet presented positive results. These results are of utmost importance for the
production sector, since they show that the inclusion of guarana peel meal can be used in the
diet of slow-growing broiler chickens without interfering with the physiological parameter and
consequently being able to bring improvements in the zootechnical performance of these
animals.
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Abstract: Poster format

CARCASS YIELD OF SLOW-GROWING BROILER CHICKENS WITH THE
INCLUSION OF INCREASING LEVELS OF GUARANA PEEL MEAL (Paullinia
cupana) IN THE DIET

Adriene Nuzia de Almeida Santos', Joao Paulo Ferreira Rufino, Pedro Henrique Santos Pedreno
Beltrao, Samily Batista Aoki*, Maiko Willas S. Ribeiro, Alexandre Augusto Barai, Maria
Glauciney Fernandes Macedo Amazonas, Rayana Melo Paixdo, Maria Fernanda da S. Gomes,
Cristiane Cunha Guimaraes, Taina Oliveira da Silva, Ana Clara Nogueira Alves, Adriano
Teixeira de Oliveira

PhD student in Animal Science and Fisheries Resources'. Federal University of Amazonas.
E-mail: almeida.adriene@gmail.com

Poultry farming in Brazil is severely affected by the low availability of raw materials. This
occurs in most regions due to the recurring seasonality of each region and the prices of products
that, due to logistics, reach a high value. New research in the area of animal nutrition is of
utmost importance to find alternative products that replace conventional products. One plant
residue that can be studied is guarana peel, obtained from the processing of the guarana fruit.
The objective of the study was to analyze the effects of including of guarana peel meal (GPM)
in diets for slow-growing broilers on carcass yield and commercial cuts.

Two hundred and forty slow-growing male considered.

broilers, Label Rouge, were distributed in a ] ) ) ]

completely randomized experimental design, Higher dletgry 1ncl}1s10n l'evels of FCG (Table
with different levels of GPM inclusion (0; 2.5; 1) resulted in heavier broilers at slaughter and
5.0; 7.5 and 10%) in the diets, with four higher carcass yield (>79%). As the dietary
replicates of 12 birds each. At 56 days of age inclusion level of FCG increased, there was a
three birds per experimental unit weré linear increase in liver, gizzard and heart
selected (n=60), individually weighed and ~Weights. Higher inclusion levels of GPM
slaughtered by electronarcosis followed by resulted in higher breast, thigh and drumstick
bleeding. To calculate the hot carcass yield, Yields, however, these chickens exhibited
the weight of the eviscerated carcass (without proportionally lower back, wing and neck
head, feet, neck and abdominal fat) was used ~ Yields. ,

in relation to the weight of the live bird, and The results of this study demonstrate that the

for the cold carcass yield, the weight of the inclusion of FCG in chicken feed has the
cold carcass in relation to the weight of the potential to improve carcass yield, especially
live bird was used. For the cut yield (neck, I cuts with higher commercial value.

wing, thigh, drumstick, breast and back), the

weight of the cold eviscerated carcass was ‘cknowledgements: FAPEAM, CAPES and

NEIVA
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Table 1. Meat quality of slow-growing broilers fed diets containing Paullinia cupana peel

meal’.

: ) Paullinia cupana peel meal levels, %

Variables 0.00 2.50 5.00 7.50 10.00
SW 1.91+£0.29°  1.98+0.14>  1.99+0.07° 2.05+0.09® 2.23+0.122
CY 76.10+4.02° 73.93+1.27° 77.99+2.57° 80.31+£1.22% 79.19+1.21°
FO 4344044 456033  4.98+027  4.82+0.42  4.34+0.28
LI 18.33+0.94° 18.00+1.63° 19.33+3.37° 22.00+1.80* 25.00+2.582
GI 42.5042.79° 44.83+4.26" 47.50+1.37 44.8345.57° 51.66+3.37°
HE 6.22+1.92°  7.50+0.63>  7.16+1.43>  8.00+£1.91° 9.50+1.37°
BR 23.83+5.79" 25.86+4.68> 28.0142.27°* 30.404+3.35* 31.20+4.382
DR 15.3143.68° 16.46+1.92° 17.13£0.64° 19.05+1.55°> 21.07+2.192
TH 15.66+4.82° 16.13+1.53°> 18.03+1.34* 19.07+1.41* 20.77+2.87°
BA 22.2345.09* 22.21+4.85% 18.1043.96° 14.02+2.21¢ 12.5043.53¢
WI 14.4442.67* 10.8242.01°  9.79+0.87°  9.314+2.34°>  6.9941.30°
NE 8.53+1.70*  8.52+0.83*  8.94+0.37*°  8.15+0.46* 7.47+0.87°

! All data represent the average of 12 replicates (broilers) per treatment.

2SW = Slaughter weight (kg/bird). CY = Carcass yield (%). FO = Foot (g/bird). LI = Liver (g/bird). GI = Gizzard
(g/bird).

HE = Heart (g/bird). BR = Breast (%). DR = Drumsticks (%). TH = Thighs (%). BA = Back (%). WI = Wings
(%). NE = Neck (%).

ECONOMIC ANALYSIS OF GUARANA PEEL MEAL (Paullinia cupana) IN DIETS
FOR SLOW-GROWING BROILERS

Adriene Nuzia de Almeida Santos’, Jodo Paulo Ferreira Rufino, Pedro Henrique Santos Pedreno
Beltrao, Beatriz da Silva Damasceno*, Cristiane Cunha Guimaraes, Maiko Willas S. Ribeiro,
Maria Glauciney F. M. Amazonas, Rayana Melo Paixdo, Alexandre Augusto Barai, Maria
Fernanda da S. Gomes, Samily Batista Aoki, Leticia Thereza Reis do Nascimento, Adriano
Teixeira de Oliveira

PhD student in Animal Science and Fisheries Resources'. Federal University of Amazonas.
E-mail: almeida.adriene@gmail.com

In several regions of Brazil, especially in the Amazon, the logistics of inputs significantly
increases the cost of food used in the formulation of rations. This scenario encourages research
testing alternative rations. A fruit that is intensively produced and generates a large amount of
waste during the harvest season, with potential for use in animal feed, is guarana, which may
present good biological and productive potential, as well as economic viability for inclusion in
poultry diets. In addition, it contributes to a sense of circular economy within these production
chains. Based on this information, the objective of the research was to evaluate the economic
viability of diets for slow-growing broilers with increasing levels of guarana peel meal (GPM).

A total of 240 slow-growing broilers were
distributed in a completely randomized
experimental design with different levels of
FCG inclusion (0; 2.5; 5.0; 7.5 and 10%), 4
replicates of 12 birds each. To determine the

price of the feed and the production costs, the
values per kg of the raw materials used and the
updated price of these in the region during the
period of the experiments were used. To
calculate the cost of FCG, the expenses with
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transportation and processing of the product
were taken into account. To calculate the price
of the feed for each treatment, the average
price of the feeds used in the management
phases of the broilers was taken into account.

According to the results evaluated regarding
the economic analysis of the performance of
slow-growing broilers fed diets containing
FCG, no significant difference (p>0.05) was
observed between the treatments for the
break-even point variable. However, all other
variables were significantly affected by the
inclusion of FCG. In the variables of
productive efficiency, total chicken meat

265

production in kilograms and meat production
per square meter, all chickens fed diets
containing FCG showed better results, with a
gradual improvement in efficiency as the level
of inclusion of this alternative product
increased.

The inclusion of FCG in diets for slow-
growing broiler chickens has proven to be a
viable alternative to improve economic
viability, promoting the sustainable use of
agro-industrial waste.

Acknowledgements: FAPEAM, CAPES and
NEIVA

Table 1. Economic analysis of the performance of slow-growing broilers fed diets containing
increase levels of guarana peel meal'.

Guarana peel meal levels, %

: 2
Variables 0.00 2.50 5.00 7.50 10.00
PRE-INI, R$/kg 3.09 3.11 3.14 3.18 3.21
PRE-FIN, R$/kg 2.97 2.90 2.91 2.94 2.97
PEI 169.91°  204.822 204.74* 207.05*°  208.47°
FC, R$ 132.95°  135.05° 141.61* 144.86 135.71°
PRODKG, kg 22.92°  23.76° 23.88°  24.60° 26.76°
PCKG, R$/kg 5.807° 5.68° 5.932 5.89% 5.07¢
PRODSM, kg/m> 5.73¢ 594>  597° 6.15° 6.69°
PCPSM, R$/m? 33.24> 3376  35.40°  36.21° 33.93°
REV, R$ 160.44°  166.32° 167.16° 172.20° 187.322
PRO, RS 27.49° 3127 2555>  27.34b 51.612
PI, 17.13b 18.80°  15.28° 15.88° 27.552
BE, kg 18.99 19.29  20.23 20.69 19.39

! All data represent the average of 48 replicates (broilers) per treatment.
2 PRE-INI = Price of initial diets. PRE-FIN = Price of final diets. PEI = Productive Efficiency Index; FC = Feed
Cost; PRODKG = Total Meat Production (kg); PCKG = Production Cost per kg; PRODMQ = Meat Production
per m?; PCPSM = Production Cost per m?; REV = Gross Revenue; PRO = Gross Profit; PI = Profitability Index;

BE = Break-even point.
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Simple Abstract

CENTESIMAL COMPOSITION OF BREAST MEAT FROM SLOW-GROWING
BROILER CHICKENS FED WITH GUARANA PEEL MEAL

Adriene Nuzia de Almeida SANTOS;

Jodo Paulo Ferreira RUFINO;

Pedro Henrique Santos Pedreno BELTRAO;
Alexandre Augusto BARAI;

Maria Glauciney Fernandes Macedo AMAZONAS;
José Ribamar Silva do Nascimento JUNIOR;
Adriano Teixeira de OLIVEIRA.

Keywords: Alternative food; Poultry farming; Paullinia cupana; Meat quality.

Although alternative feeds offer potential benefits, it is essential to ensure that they do not
negatively impact animal performance and, especially, product quality. Analyzing the chemical
composition of meat from animals fed alternative feeds is crucial for developing cost-effective
diets with regional ingredients. Therefore, the objective of this study was to evaluate the effect
of including guarana peel in diets for slow-growing broilers on the centesimal composition of
breast meat. A total of 240 slow-growing male broilers of the Label Rouge line were used,
raised in a completely randomized design, with treatments consisting of a control diet (without
the inclusion of the test product) and four levels of inclusion of guarana peel meal (2.5%, 5.0%,
7.5% and 10%) in the diets, each with four replicates of 12 birds. At 56 days of age, after a 12-
hour fasting period, 12 birds from each treatment group were randomly selected for weighing,
stunning by electric shock (40 V; 50 Hz), and slaughter by cutting the jugular vein. The
carcasses were then scalded in hot water (60 °C for 62 seconds), plucked, and eviscerated. For
analysis of the centesimal composition, breast meat samples were collected and promptly
transported to the laboratory, which determined the percentages of moisture, minerals, fats, and
proteins. In the centesimal composition of the breast, it was observed that the moisture and lipid
contents increased linearly (p<0.05) as the levels of guarana peel meal increased in the diets of
slow-growing broilers. On the other hand, there was a linear reduction (p<0.05) in the mineral
and protein contents of the breasts of these chickens. Guarana peel meal contains a considerable
amount of fiber, which can affect the metabolism of other nutrients and increase water retention
in muscle tissue. Dietary factors also influence meat composition, as the inclusion of higher
levels of brewery waste in lamb diets led to increased muscle moisture. The soluble fiber present
in greater quantities in guarana peel meal can increase intestinal viscosity and potentially reduce
nutrient absorption, which may have influenced the reduction of mineral and protein levels in
chicken breast. The incorporation of guarana peel meal into poultry diets is in line with circular
economy strategies, reducing waste and costs with conventional inputs.
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CENTESIMAL COMPOSITION OF GUARANA PEEL AS A POTENTIAL BY-
PRODUCT IN POULTRY NUTRITION

Adriene Nuzia de Almeida SANTOS;

Jodo Paulo Ferreira RUFINO;

Pedro Henrique Santos Pedreno BELTRAO;
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Brazil, with its extensive agro-industrial production, generates large volumes of waste that are
often discarded due to the lack of information on their reuse. These wastes include by-products
from the processing of cereals, fruits, vegetables and products of animal origin, generated in
stages such as harvesting, such as guarana peel. The growth in fruit production in 2023 further
increased the generation of these wastes in the country. These by-products are particularly
relevant due to their low cost, wide availability and richness in bioactive compounds, being an
excellent nutritional source for poultry farming. The reuse of these materials not only
contributes to reducing costs in animal feed, but also promotes environmental sustainability by
minimizing inappropriate disposal. However, it is necessary to verify the centesimal
composition of the product. The objective of this study was to analyze the centesimal
composition of guarana peel as a potential alternative food for animal feed. Guarana residues
were acquired in the municipality of Maués, Amazonas, located 259 km from Manaus, the state
capital. The guarana peels underwent a drying process in a closed circulation oven at a
temperature of 105°C (221°F) for 24 hours and ground in a grain grinder through sieves with
hole diameters similar to those used for corn (4 mm); the final product, called guarana peel
meal (GPM), was bagged and stored in a dry and ventilated place to be used in the preparation
of experimental diets. The centesimal composition of the GPM was determined at the Fish
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Technology Laboratory of the Federal University of Amazonas (UFAM). The dry matter
content was determined in an oven at 105°C (221°F) according to the AOAC method 925.10
(2019); the mineral content was determined by muffle calcination at 550 °C (1022 °F) following
the AOAC method 923.03 (2019); lipid content analyses followed the AOCS Ba 3-38 method;
total proteins were determined by the Kjeldahl method following the AOAC method 920.87
(2019); and fiber content (crude fiber, neutral detergent fiber (NDF), and acid detergent fiber
(ADF)) was determined according to the methods described by Van Soest et al. (1991). The
nutritional composition of GPM reveals characteristics that explain its effects in the diet of
broilers. The high content of crude fiber (44.04%) and neutral detergent fiber (61.34%) justifies
the progressive increase in fiber in diets with inclusion of GPM, which suggests that moderate
fibers can stimulate gastric function and intestinal health. The metabolizable energy (4227.20
kcal/kg), lower than the gross energy (6752.61 kcal/kg), indicates limited digestibility, typical
of fibrous by-products. However, the protein (18.72%) and lipid (5.36%) content contributed
to maintaining the nutritional profile of the diets, while soluble carbohydrates (26.55%) and
minerals (5.33%) provided essential energy substrates and microminerals. Despite its high fiber
and moderate digestibility, it demonstrated viability as an alternative ingredient in the diet; its
use optimizes underutilized resources, aligning with sustainability in poultry farming.
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Animal feed costs represent a significant portion of total expenditures, ranging from 60% to
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70%. In more remote regions, such as the Amazon, this impact tends to be even greater due to
logistical challenges, as diet production depends on feed from other regions, further increasing
final costs. Therefore, seeking alternatives that reduce dependence on conventional inputs and,
at the same time, mitigate environmental impacts is crucial for economic viability and
sustainability. The present study was conducted with the objective of investigating the effects
of guarana pulp meal (GPUM) on the performance of slow-growing broilers. After extracting
the guarana fruit extract, the residue from the extraction process was collected, this residue
underwent a drying process in a closed circulation oven at 105°C, for 24 hours and ground in a
grain grinder, generating the product called guarana pulp meal. Slow-growing broiler chickens
of the Label Rouge line (n = 240) were used. The chicks were placed in a protective circle and,
at 8 days of age, the animals were housed in their respective plots. The experiment was divided
into an initial phase (8-28 days) and a final phase (29-56 days). A completely randomized
experimental design was used with treatments consisting of a control diet and four levels of
GPUM inclusion (2.5%, 5.0%, 7.5% and 10%) in the diets, with four replicates of 12 birds each.
Performance was evaluated both for each stage individually (initial and final) and cumulatively
throughout the experimental period. Feed intake was calculated by dividing the total feed
consumed by the number of birds in each plot; weight gain was determined by comparing the
total weight of the birds in each plot with the weight previously recorded, divided by the number
of birds. Feed efficiency was calculated as the ratio between total feed intake and the
corresponding weight gain. During the initial phase, feed intake increased with the highest value
observed at the inclusion level of 7.5% FTG (1.63 kg/bird), weight gain with maximum weight
(0.82 kg/bird) recorded with 7.5% inclusion of , feed GPUM efficiency was higher in the control
group (2.61 kg/kg). In the final phase, for consumption, the highest values observed were at the
inclusion levels of 7.5% (3.16 kg/bird) and 10% (3.04 kg/bird) of GPUM. When considering
the overall growth performance (8-56 days), feed intake increased with the highest value
observed at the inclusion level of 7.5% (4.80 kg/bird), weight gain reached the level of 7.5%
(2.01 kg/bird). Feed efficiency showed the best values observed at the GPUM level of 2.50%,
while intermediate inclusion levels (5% to 7.5%) showed slightly better efficiency values. The
inclusion of 7.5% GPUM in the diet of slow-growing broilers showed positive impacts on
growth performance, improving feed efficiency and slaughter weight.

Bibliographic References:

CRUZ, F.G.G; RUFINO, J.P.F; MELO, R.D; FEIJO, J.C; DAMASCENO, J.L; COSTA,
A.P.G.C. Socio-economic profile of fowl breeding in the state of Amazonas, Brazil. Revista em
Agronegocio e Meio Ambiente 9, 371-391. 2016. https://doi.org/10.17765/2176-
9168.2016v9n2p371-391

CRUZ, F.G.G; RUFINO, J.P.F. Formulation and manufacture of feed (poultry, pigs and fish).
(EDUA: Manaus, Brazil). 2017.

DE SOUZA, T; RUFINO, J.P.F; DIAS, P.G; SOUZA, L.F; ARAUJO, K.F; MACHADO,
N.J.B. Use of regional alternative feeds in poultry diets in the Amazon rainforest. Observatorio
de la Economia Latinoamericana 22(12), 01-24. 2024. https://doi.org/10.55905/0elv22n12-287
DOS REIS, A.P.L; FERREIRA, R.S.M; FONSECA, M.F; FARIAS, A.R. Analysis of
production costs of pig and poultry farms and aquaculture in the state of Parand. Revista
Contemporanea 4(3), 1-11. 2024. https://doi.org/10.56083/RCV4N3-094

PACHECO, J.C; NETO, J.M.M; DA SILVA, E.A. Environmental impacts and ration
formulation for broiler. Latin American Journal of Life Cycle Assessment 2(2 esp.), 97—109.
2018. https://doi.org/10.18225/lalca.v1iEspec.4327

SANCHES, D.S; GARCIA, E.R.M; KIEFER, C. Alternative diets for poultry and swine: A
brief review. Revista Eletronica Multidisciplinar de Investigagdo Cientifica 2(1), 1-11. 2023.
https://doi.org/10.56166/remici.2023.2.v2n1.2.3



https://doi.org/10.56083/RCV4N3-094
https://doi.org/10.18225/lalca.v1iEspec.4327

270

VAN HAL, O; DE BOER, 1.J.M; MULLER, A; DE VRIES, S; ERB, K.H; SCHADER, C;
GERRITS, W.J.J; VAN ZANTEN, H.H.E. Upcycling food leftovers and grass resources
through livestock: impact of livestock system and productivity. Journal of Cleaner Production
219, 485-496. 2019. https://doi.org/10.1016/j.jclepro.2019.01.329

INFLUENCE OF INCLUSION OF GUARANA PULP MEAL ON CARCASS YIELD
OF SLOW-GROWING BROILER CHICKENS

Adriene Nuzia de Almeida SANTOS;

Jodo Paulo Ferreira RUFINO;

Pedro Henrique Santos Pedreno BELTRAO;
Alexandre Augusto BARAI;

Maria Glauciney Fernandes Macedo AMAZONAS;
José Ribamar Silva do Nascimento JUNIOR;
Adriano Teixeira de OLIVEIRA.

Keywords: Alternative food; Poultry farming; Commercial cuts; Animal nutrition; Guarana
residue.

Animal feed costs represent a significant portion of total expenditures, ranging from 60% to
70%. In more remote regions, such as the Amazon, this impact tends to be even greater due to
logistical challenges, as diet production depends on feed from other regions, further increasing
final costs. Therefore, seeking alternatives that reduce dependence on conventional inputs and,
at the same time, mitigate environmental impacts is crucial for economic viability and
sustainability. The present study was conducted with the objective of investigating the effects
of guarana pulp meal (GPUM) on the performance of slow-growing broilers. After extracting
the guarana fruit extract, the residue from the extraction process was collected, this residue
underwent a drying process in a closed circulation oven at 105°C, for 24 hours and ground in a
grain grinder, generating the product called guarana pulp meal. Slow-growing broiler chickens
of the Label Rouge line (n = 240) were used. The chicks were placed in a protective circle and,
at 8 days of age, the animals were housed in their respective plots. The experiment was divided
into an initial phase (8-28 days) and a final phase (29-56 days). A completely randomized
experimental design was used with treatments consisting of a control diet and four levels of
GPUM inclusion (2.5%, 5.0%, 7.5% and 10%) in the diets, with four replicates of 12 birds each.
Performance was evaluated both for each stage individually (initial and final) and cumulatively
throughout the experimental period. Feed intake was calculated by dividing the total feed
consumed by the number of birds in each plot; weight gain was determined by comparing the
total weight of the birds in each plot with the weight previously recorded, divided by the number
of birds. Feed efficiency was calculated as the ratio between total feed intake and the
corresponding weight gain. During the initial phase, feed intake increased with the highest value
observed at the inclusion level of 7.5% GPUM (1.63 kg/bird), weight gain with maximum
weight (0.82 kg/bird) recorded with 7.5% inclusion of GPUM, feed efficiency was higher in
the control group (2.61 kg/kg). In the final phase, for consumption, the highest values observed
were at the inclusion levels of 7.5% (3.16 kg/bird) and 10% (3.04 kg/bird) of GPUM. When
considering the overall growth performance (8-56 days), feed intake increased with the highest
value observed at the inclusion level of 7.5% (4.80 kg/bird), weight gain reached the level of
7.5% (2.01 kg/bird). Feed efficiency showed the best values observed at the GPUM level of
2.50%, while intermediate inclusion levels (5% to 7.5%) showed slightly better efficiency
values. The inclusion of 7.5% GPUM in the diet of slow-growing broilers showed positive
impacts on growth performance, improving feed efficiency and slaughter weight.
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Feed represents the main economic obstacle in poultry farming, accounting for approximately
60-70% of total costs. Faced with this challenge, the use of alternative feeds emerges as a viable
solution, and residues from guarana (Paullinia cupana), a fruit endemic to the Amazon, stand
out in this context. Although alternative feeds offer potential benefits, it is essential to ensure
that they do not negatively impact product quality, and sensory analysis plays a crucial role in
the quality control of these products. These analyses help to assess consumer acceptance and
standardize processes at an industrial level. The objective of this study was to evaluate the effect
of including guarana peel in diets of slow-growing broilers on the sensory properties of the
meat. A performance trial was conducted to investigate how the incorporation of guarana peel
meal (GPM) influences sensory parameters. 240 slow-growing male broilers of the Label
Rouge line were used. Initially, 1-day-old chicks were housed in a protective circle with wood
shavings as bedding, feeders and drinkers, until they reached 7 days of age. The experimental
stages were divided into an initial stage (8 to 28 days) and a final stage (29 to 56 days). The
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experiment was conducted in a completely randomized design, consisting of a control diet and
four levels of inclusion of the tested product (2.5%, 5.0%, 7.5% and 10%) in the diets, each
with four replicates of 12 birds. At 56 days of age, after a 12-h fasting period, 12 birds from
each treatment group were randomly selected for weighing, stunning by electric shock and
slaughter by cutting the jugular vein. Breast cuts were collected from slaughtered birds,
identified according to each treatment and frozen. The breast cuts were thawed on the day of
sensory analysis, wrapped in aluminum foil and baked in the oven until they reached an internal
temperature of 87°C. Fifty untrained evaluators of both genders were randomly recruited. The
9-point hedonic scale test was used to evaluate the following attributes: color, flavor, aroma,
texture and appearance, using scales from "I liked it extremely" (9) to "I did not like it
extremely" (1). The meat was cut into uniform cubes and served in disposable cups previously
identified with random 3-digit numbers. Each evaluator received 5 disposable cups with breast
samples from each treatment. In addition to the samples, a glass of mineral water was offered
to cleanse the palate between samples. For the results of the sensory characteristics of the meat,
the parameters were in the range of 4.96 to 6.18 points, that is, according to the hedonic scale
that goes from 1 (I extremely disliked it) to 9 (I extremely liked it), the averages of the tasters
most indicated were 5 (indifferent) and 6 (I slightly liked it). The GPM improved important
sensory attributes, such as flavor and appearance in higher inclusions (10%). In summary, the
by-product demonstrated potential as a sustainable ingredient in poultry farming, its adoption
can strengthen the competitiveness of Amazonian poultry farming.
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ECONOMIC ANALYSIS OF GUARANA PULP MEAL IN DIETS FOR

SLOW-GROWING BROILERS

Abstract: The study evaluated the inclusion of guarana pulp meal (GPUM)), in diets
for slow-growing broilers to assess their impact on growth performance and
economic feasibility. 240 slow-growing male broilers of the Label Rouge strain
were used. The experiment (testing GPUM) was conducted using a completely
randomized de-sign, with treatments consisting of a control diet (without the
inclusion of the product being tested) and four levels of inclusion of the tested
product (2.5%, 5.0%, 7.5%, and 10%) in the diets, each with four replicates of 12
birds. GPUM, with higher energy content, showed optimal performance at
intermediate levels (7.5%), enhanced meat production and economic returns
compared to the basal diet. The results suggest that GPUM is better suited for
phases requiring higher energy intake and weight gain. Additionally, the use of
these agro-industrial residues promotes sustainability by integrating circular
economy practices into poultry production. The findings highlight the potential of
guarand by-products as alternative feed ingredients to improve productivity and
reduce costs, particularly in regions with abundant availability of these residues.

Keywords: alternative food, Amazon, feed efficiency, Paullinia cupana,

sustainability.

INTRODUCTION

In various regions of Brazil, especially in the
Amazon, logistics for inputs signifi-cantly
increase the cost of feddstuffs used in the
formulation and production of balanced diets
(Cruz et al.,, 2016). This scenario encourages
research testing alternative feeds, especially these
from agro-industrial residues under the premise of
reducing feed costs, which can account for 60% to
80% of total production costs in activities such as
poultry farming (Rufino et al., 2015; Cruz et al.,
2016; Costa et al., 2018b; Polese et al., 2022).

The Amazon region presents numerous native
species with economic, technological, and
nutritional potential, which have sparked scientific
interest in various fields such as food,
pharmaceuticals, cosmetics, flavorings, and
essences, as well as their potential applications in
animal feeding (Oliveira et al., 2010). In this
context, one fruit that is produced intensively and
generates a large amount of residue during the
harvest season, with potential for use in animal
feed, is guarana (Paullinia cupana) (Ferreira et al.,
2022).

Among the poultry farming segments that require
these alternative feeds, slow-growing broiler
production has stood out, particularly for small
and medium pro-ducers (Machado et al., 2018;
Sarica et al., 2020; Cruz et al.,, 2023). These
broilers exhibit greater tolerance to temperature
variations and resistance to certain microorgan-
isms (Sarica et al., 2020), along with a more
gradual and proportional growth rate compared to
fast-growing strains (Machado et al., 2018; Cruz
et al., 2023).

However, considering its rich nutritional
properties, the volume of production that
generates residues, and its importance to Brazilian
agri-business, guarana by-products may exhibit
good biological and productive potential as well as
economic viability for inclusion in poultry diets
(Costa et al.,, 2018 b; Santos et al., 2024).
Moreover, they contribute to a sense of circular
economy within these production chains (Oliveira,
2018; Ali et al., 2021). Based on this information,
the present study aimed to evaluate the growth
performance and economic feasibility of slow-
growing broiler fe diets containing increase levels



of guarana by-products.
MATERIALS AND METHODS

To obtain guarana pulp meal (GPUM), the
following steps were performed: 1) Ripe guarana
fruits underwent a manual harvesting process; 2)
The harvested fruits were stored in baskets for
approximately three days, wundergoing a
fermentation process; 3) The fruits were separated
into seeds and peels; 4) The seeds were processed
for gua-rana extract extraction, used in the
production of carbonated beverages by the
beverage industry; 5) The residues remaining from
the seed extraction are separated and dried in a
closed-circulation oven at 105°C for 24 hours; 6)
these dried residues were ground in a grain grinder
using sieves with hole diameters similar to those
used for corn (4 mm); 7) the final product, referred
to as GPUM, is bagged and stored in a dry and
ventilated location for use in the preparation of
experimental diets.

During 56 days, performance data (feed intake and
weight gain) were collected from the birds for use
in the economic feasibility analysis following the
methodological procedures described by Costa et
al. (2018 b) and Rufino et al. (2018). At 56 days
of age, after a 12-hour fasting period, 12 birds
from each treatment group were randomly
selected for weighing, stunning by electric shock
(40 V; 50 Hz), and slaughter by cutting the jugular
vein. The carcasses were then scalded in hot water
(60 °C for 62 seconds), defeathered, and
eviscerated following the recommendations of
Mendes and Patricio (2004).

For determining feed costs and production
expenses, only the per-kilogram prices of the
feedstuffs used and their updated prices in the
region during the experiment were considered.
The prices were as follows: corn, R$ 1.66;
soybean meal, R$ 3.65; lime-stone, R$ 0.73;
dicalcium phosphate, R$ 4.50; common salt, R$
0.83; DL-Methionine 99%, R$ 51.00; and mineral
and vitamin supplements (F1 - starter; F2 -
grower; and F3 - finisher), R$ 28.35/kg (average
price). The cost of GPEM and GPUM was
calculated considering only transportation and
handling expenses (labor), with estimated prices
of R$ 0.30 and RS 0.35 per kilogram, respectively.
Fixed costs included depreciation of facilities and
equipment (maintenance, water, electricity, etc.),
where interest on capital remained unchanged in
the short term and was considered constant across
all treatments. Variable costs included only bird
feed expenses and labor.
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The variables were calculated based on the
production of each plot. The Productive
Efficiency Index (PEI) was determined using the
formula:

(DWG*VIAB*100)/FCR
Where:
DWG = daily weight gain of the plot (kg)
VIAB = viability of the plot (%)
FCR = feed conversion ratio of the plot (kg/kg)

The feed cost (FC, RS$), the only
production cost used as an analysis variable, was
determined through the acquisition of ingredients
and feed preparation, estimated by the formula:

FC=AFI*AP
Where:
AFI = accumulated feed intake of the plot (kg)

AP = average price per kilogram of feed,
considering both stages (R$/kg)

For total meat production (kg) and meat
production per square meter (kg/m?), the carcass
yield of slaughtered, scalded, defeathered, and
cleaned animals was considered, as described by
Costa et al. (2018b) and Rufino et al. (2018). To
calculate the production cost per kilogram of meat
(PCKG, R$/kg), the following formula was used:

PCKG=CA/PRODKG
Where:
FC = feed cost of the plot (R$)
PRODKG = meat production of the plot (kg)

To determine the production cost per square meter
of meat (PCPSM, R$/m?), the following formula
was used:

PCPSM=CA/PRODSM
Where:
FC = feed cost of the plot (R$)

PRODSM = meat production per square meter of
the plot (kg/m?)

The gross revenue (REV, R$) was calculated



based on the relationship between meat production
and the selling price per kilogram of the product,
using:

REV=Q*SP
Where:
Q = quantity of meat produced by the plot (kg)

SP = selling price per kilogram of meat produced
(R$/kg)

It is important to note that the selling price per
kilogram of chicken, applying a gross margin
value-added calculation, was determined based on
the market price in the region, fixed at R$ 8.00 per
kg. Gross profit (PRO, RS$) was calculated as the
monetary difference between the total revenue
from the estimated sale of the chickens (kilograms
of chicken meat) and the discounted production
cost, which derived from the feed cost, using the
formula:

PRO=REV-FC
Where:
REV = gross revenue of the plot (RS$)
FC = feed cost of the plot (R$)

The profitability index (PI, %), which indicates
the capital available after covering costs (in this
case, feed costs), was derived from the
relationship between gross added value and gross
revenue, using the formula:

PI=(PRO/REV)*100
Where:
PRO = gross profit of the plot (R$)
REV = gross revenue of the plot (R$)

For the break-even point (BE, kg), the quantity of
production required to achieve zero return,
covering all costs, was considered. In this case, it
represents a partial break-even point, as it reflects
the production volume necessary to cover feed
costs. The formula used was:

BE=REV/SP

Where:
REV = gross revenue of the plot (R$)
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SP = selling price per kilogram of meat produced
(RS$/kg)

Statistical analyses
The statistical model adopted was as follows:
Y _ik=pta_ite_ik
Where:
Yik = Observed value for the variable under study
p = Overall experiment mean
ai = Effect of GPEM or GPUM levels

eik = Experimental error

All data were analyzed using one-way ANOVA
with R software (2021). Commands were
executed following Logan's (2010) guidelines.
Tukey's Honest Significant Difference (HSD) test
was used to examine significant differences
among the GPEM or GPUM levels (independent
variable) for each dependent variable evaluated.
Results are presented as means, and the
significance level for differences was set at 0.05.

Subsequently, results for significant variables
(p<0.05) were subjected to correlation and
polynomial regression analysis to evaluate the
influence of the independent variable on the
dependent variables (Chatterjee & Hadi, 2006;
Logan, 2010). The mathematical model, either
linear (Y = a + bx) or quadratic (Y = ¢ + bx + ax2),
was selected based on the influence of the
independent variable on the dependent variable
analyzed (Dormann et al., 2013). R-squared
values were also considered as a criterion to
determine the best model (Chatterjee & Hadi,
2006; Dormann et al., 2013).

RESULTS AND DISCUSSION

The growth performance analysis (Table 1) of
slow-growing broilers in the starter stage showed
that increasing GPUM levels significantly
(p<0.05) influenced feed intake and weight gain,
with 7.5% GPUM inclusion yielding higher
results for these parameters. Regarding feed
efficiency, GPUM inclusion had a positive effect,
as all slow-growing broilers fed diets containing
GPUM demonstrated better feed efficiency than
those fed the basal diet, with 5% GPUM inclusion
providing the best results for feed efficiency. In
the final stage, similarly, slow-growing broilers
fed diets with 7.5% GPUM inclusion exhibited



higher (p<0.05) feed intake. However, in this
stage, broilers fed diets with 2.5% GPUM
inclusion achieved better feed efficiency.

Cumulatively, all slow-growing broilers fed diets
containing GPUM showed higher (p<0.05) feed
intake and weight gain compared to those fed the
basal diet, with 7.5% inclusion providing optimal
results. Feed efficiency during this period
exhibited significant (p<0.05) improvement up to
7.5% inclusion, beyond which no further
improvements were observed.

The GPUM achieved peak efficiency at moderate
inclusion levels (5%-7.5%). These results
reinforce important insights reported in the
literature, which suggest that the impact of fiber in
poultry diets depends not only on its quantity but
also on its composition and interaction with other
nutrients (Tejeda & Kim, 2021; Santos et al.,
2024). Soluble fibers, present in smaller propor-
tions in GPUM, tend to have a lesser effect on
gastrointestinal function (Mateos et al., 2012;
Machado et al., 2022).

Table 1. Economic analysis of the performance of
slow-growing broilers fed diets containing

guarana pulp meal. 1
Guarana pulp meal levels, %

. 2
Variables™ —555 2.50 5.00 750 10.00
PRE-INI,
R$/kg 3,16 3,18 3,20 3,24 3,25
PRE-FIN,
R$/kg 3,04 3,06 3,08 3,10 3,12
PEI 18655 0 18738 18417 16462
b
Fe.rs 19396 167250 17460 18284 173.69
PROIE;KG 19.70°  23.59° 2385 24220  21.65
PCKG, ab o be b a
RS/ks 7.82 7.08 732 756 8.04
PRODSM ) grc 5890 5060 6050 5410
, kg/m?
PCPSM, 30 40¢ 4181  4365° 45.70°  43.42°
R$/m?
REV.Rs 16278 ggoe 19082 19378 17320
PRO, R$ 8.81° 21.50° 16.21*  10.94*  -0.48°
PL, % 492° 1138 846"  547° 057
BE, kg 1924°  20.90* 21.82° 2285 21.71°

1 All data represent the average of 48 replicates (broilers) per treatment.

2 PRE-INI = Price of initial diets. PRE-FIN = Price of final diets. PEI = Productive
Efficiency Index; FC = Feed Cost; PRODKG = Total Meat Production (kg); PCKG =
Production Cost per kg; PRODMQ = Meat Production per m?; PCPSM = Production Cost
per m?% REV = Gross Revenue; PRO = Gross Profit; PI = Profitability Index; BE = Break-
even point.

3 The means followed by lowercase letters in the lines differ using the Tukey test (p<0.05).
not significant = p>0.05.

4 CV = Coefficient of variation.

5 COR = correlation coefficient between the independent variable (GPUM levels) and the
dependent variable analyzed.

6 MM = Mathematical model adjusted according to the influence of the independent variable
(Guarana pulp meal levels) on the dependent variable.
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GPUM exhibited superior performance during the
early and intermediate stages. This difference
could have significant practical implications
depending on the production system's objectives.
Conversely, GPUM may be better suited for
systems aiming to maximize feed intake and
weight gain during critical growth periods,
particularly in nutritional strategies focused on
accelerating initial growth (Prakash et al., 2020;
Zampiga et al., 2021).

CONCLUSION

Os dados sugerem que o jogo cumpriu seu
objetivo de transformar a aprendizagem em uma
experiéncia mais dindmica e  acessivel,
corroborando a relevancia de abordagens
inovadoras no ensino de ciéncias. Diante disso,
este trabalho busca ndo so6 enriquecer o debate
cientifico sobre metodologias educacionais, mas
também propor caminhos concretos para a
reinvengdo da pratica docente. Ao incentivar a
adocgdo de estratégias que valorizem a diversidade
e a participagdo ativa dos estudantes, pretende-se
construir ambientes educativos que transcendam
modelos tradicionais, transformando salas de aula
em espacos de experimentacao e didlogo, onde o
conhecimento ndo seja apenas transmitido, mas
cocriado.
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ABSTRACT

Context. Animal feed production systems hawe been suffering from a shortage of feedstuffs
because of competition for these resources with human food consumption. The use of by-products
can increase efficiency and circularity in production chains, reducing this competition. Aims. This
stusdly investigated the impacts of Pawllinio cupona peel meal (FCPM) on the growth perfarmance,
meat quality, and haematological and serum biochemical parameters of slow-growing broilers.
Methods. Two hundred and forty slow-growing male Label Rouge broilers were distributed in a
completely randomised experimental design. The treatments consisted of five inclusion levels of
PCPMA (0% 25%, 50%, 7.5%, and 10%) in the diets, with four replicates of 1 birds each. Growth
performance data, and haematalogical and serem biochemical parameters were monitored. Twelve
brodlers per treatment were slaughtered for meat-quality analysis. Key results. In the starter stage,
there was a significant increase [P < 0.05)in feed intake and weight gain with and increasing inclusiomn
level of PCPR in the diet. However, this effect diminished in the final stage. Even with a reduction
[F = 0.05) in feed intake during the final stage, the broilers shawed an increase (P < 0.05) in weight
gain and improvement (P < 0.05) in feed efficiency in the comulative performance. Broilers fed diet
with a higher inclusion level of FOPM had lower [P < 0.05) concentrations of erythrocytes and blood
triglycerides, as well as a decreased haematocrit percentage. However, these broilers exhibited
higher (P = 0.05) results for mean corpuscular haemoglobin and mean corpuscular haemoglobin
concentration. Broilers fed diets with a higher inclusion level of PCPA were heavier [P = 0.05) at
slaughter, with higher [P = 0.05) carcass yield, greater (P < 0.05) liver, gizzard, and heart weight,
increased breast, dremstick, and thigh yields, and higher moisture and lipid contents in the
breast. Conclusions. The high inclusion levels of FCPM in diets for slow-growing broilers positively
affect growth performance, meat quality. and yields of valuable cuts, although they increase
moisture and decrease protein in breast meat, affecting some blood parameters. Implications. This
sty showed the potential advantages of using PCPM as an alternative food in diets for slow-
growing broilers to improve the productivity and health of a sustainable livestock.

Keywaords: alternative food, Amazon, crop residue, feed efficiency, poultry nwtrition, poultry
science, slow-growing broilers, sustainability.

Introduction

The current structure of the global food system presents a suboptimal availability of
feedstuffs for animal feed, as many resources are being wsed for human consumption
(Mottet et al. 2017; Sandstrim et al. 2022). In this context, the use of by-products and crop
residues from food-production chains as feedstuffs in animal diets has been proposed to
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meet this demand and improve the effidency of these
production chains (Van Kernebeek er ol 2006; Rids er al.
2017), consequently reducing competition for food (Van Zanten
et al. 2018), promoting the concept of a circular economy in
these chains (van Hal et al. 20019; Billen er al. 2021), and
causing an economical beneficial owing to their potential
widespread availability and low cost (Yang et al, 2021).

Rufino et al. (2015), Cruz et al. (2016), Monteiro et al.
(2024), Clement et al. (2024), and Rosenfeld et al. {2024)
identified the Brazilian Amazon and its production chains
as a notable case where this scenario frequently oceurs, with
a wide variety of native species being exploited for their
eoonomic, technological, and nutritional potential, generating
residues that can be used in animal feed. Among these, Paullinia
cupana stands out bevauwse of its great nutnitional properties,
including volatile and fixed constituents, starch, protein, tannins,
and caffeine (Sousa et al. 2010; Santana and Macedo 2018), in
addition to the fact of its processing vielding organic residues
with biological potential for re-use.

Paullinia cupano, alse popularly known as guarnang,
muirand-da-amazdnia, guaranoing, FUTnENOuVI, Uonang, or
narana, is an Amazon native plant of the Sopindaceae family.
It exhibits vigorous growth, with branches reaching up to
10 m in height, produces capsule-format fruits with septicidal
dehiscence and a developed peduncle. The fruit starts with a
dark green colour and matures to shades ranging from yellow—
orange to bright red. The seeds ane covered by thick white films
(5chimpl et al. 2013; Filoche and Pinton 2014; Pinho et al.
2021}). Corrently, Poullinia cupona plays a significant role in
the agribusiness of Latin America, where Brazil is the world's
largest producer, catering to major markets such as the USA,
EU, Japan, and China (Pinho et al. 2021; Ferreira et al, 20232,

From this, it was hypothesised that Paullinia cupana pecl
meal (PCPM) could be used as an alternative food in diets
for slow-growing broilers because of the rich nutritional
properties of Paullinia cupana and its potential to produce a
considerable volume of residues after the processing (Cruz
and Bufine 2017; Oliveira 200 8; Ali et al. 2021). This approach,
paired with sustainable animal production practices such as
using breeds with slightly reduced growth or productivity
but with proportional growth and better environmental
adaptability, contributes to the emerging green revolution
in animal production (Schader er al. 2015; van Hal et al
2019; Vastolo et al. 2022). On the basis of this information,
the present study was conducted to investigate the impacts of
Poullinia cupana peel meal (PCPM) on the growth perfor-
mance, meat guality, and haematological and serum biochemical
parameters of slow-growing brodlers,

Materials and metheods

Acquisition and compositien analysis of PCPM

Paullinia cupana residues were acquired in the municipality
of Maués, Amazonas, located 259 km from Manaus, the

state capital. The entire process of processing Poullinio
cupana, ohtaining itz by-products, and processing these by-
products to obtain PCPM, followed the following steps: (1) the
rpe Paullinia cupana fruits were manually harvested; (2) the
collected fruits were stored in baskets for approximately
3 days, undergoing a fermentation process; (3) the fruits werne
separated into seeds and peels; (4) the peels were set aside as
residues; (5) the seeds were processed for the extraction of
Paullinia cupana extract, which is used in the production of
carbonated beverages by the beverage industry; (6) the
Paullinic cupona peels underwent a drying process in a
closed-circulation oven at a temperature of 1053°C (221°F)
for 24 h; (7) the dried Paullinio cupano peels were ground in
a grain grinder by using sieves with hole diameters similar to
those used for corn (4 mm); and (8) the final product,
called PCPM, was bagged and stored in a dry and airy place
to be used in the preparation of experimental diets. It is
important to highlight that the yield of PCPM relative to
the raw product (peels before drving) was 84.32%.

To determine the price of the feeds and production costs,
only the per-kilogram values of the feedstuffs used and their
updated prices in the region during the experiment werne
considered. These were as follows: corn, BE1.66; soybean
meal, R$3.65; limestone, RS0.73; dicaleium phosphate,
R$4.50; salt, R$0.83; DL-Mecthionine 99%, R$51.00; and
RS28.35,/kg (average price) for mineral and vitamin supplements
(F1 = initial; F2 = final). For the caleolation of PCPM costs, only
transportation and handling expenses (labour] wene considered,
estimating the price per kilogram of the product ar R$0.30.
Fixed costs consisted of depreciaton of facilities and
equipment (maintenance, water, electricity, among others),
with capital interest remaining unchanged in the short term
and considered constant across all treatments. Variable
costs included only expenses for bird feed and labour.

Before  conducting  the  experiment, the proximate
compaosition of PCPM (Table 1) was determined at the Fish
Technology  Laboratory  of the Federal University  of

Table 1.  Paulinia cupanag peel meal compoution

Variable Concentration
Dry matter [%) BRI
Crude protein %) 8.7z
Fats [M) 536
Minerals (%) 531
Crude hbre (%] 44.04
Meutral detergent fore %) 6134
Acid detergent fibre (3] 3333
Soluble carbohydrates (%) 1455
Grass energy (ecal/kg) E75LE]
Mietabolisable energy® [kealfkg) 4237.20

“Dtermined by the apparent metabalisable energy calcdation method
described by 3akomura and Rostagno {20%] and Rostagno et af. (2024).
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Amazonas (UFAM). The dry-matter content was determined
in an oven at 105°C (221°F) according to the Method 92510
of AQAC (AOAC 2019); minerals content was determined by
calcination in & muffle furnace at 550°C (1022°F) following
AQAC Method 923.03 (AOAC 2019); lipid content analyses
followed AQCS Method Ba 3-38; total proteins  were
determined wsing the EKjeldahl method, following AQAC
Method 92087 (AQAC 2019); and the determination of
fibre contents {crude fibre, neutral detergent fibre (NDF) and
arid detergent fibre (ADF)) was performed according to the
methods described by Van Soest eral. (1991).

Facilities, animals, diets and experimental design

The current experiment was conducted in an aviary with a
ceiling height of 325 m, with structural adaptations to
improve bird welfare. Ventilation occurred naturally, with the
aviary being fully surrounded by trees to ensure a pleasant
and comfortable environment for the birds. The temperature
and relative humidity were monitored wsing a small digital
weather station, registering averages of 27.6°C (BLG6S'F)
and 62.3% respectively. Throughout the entire experimental
period, the broilers were monitored for signs of thermal stress
caused by the environment, a situation that was not observed
during the experiment. It is important to mention that the
experiment was conducted during the rainy season in the
Amazon, which occurs between November and April of the
following year, where temperatures are cooler and provide
a pleasant environment for animal management.

Slow-growing male Label Rouge broilers (n = 240)
produced by the incubation centre of the Research Poultry
Farm of UFAM were used. Imtially, the 1-day-old broilers
(4357 + 0.59 g) were housed in a protective circle with
wood shavings, tray-type feeders, and cup-type drinkers at
a density of 50 birds/m® with a central electric-heating
source, until they reached 7 days old. With 8 days of age, the
broilers were distributed into the experimental groups in pens
measuring 4 m* each, equipped with tubular feeders, hanging
drinkers, and wood shavings covering the floor. The
cxperimental stages were divided into starter (8-28 days)
and final (29-56 days) periods. The birds had ad [ibitum
access to feed and water during all the experimental periods.
A lighting program suitable for slow-growing broilers was
used (Wu et al. 2022).

The experimental design was completely randomised, with
treatments comprising a control diet (without PCPM ) and four
levels of PCPM inclusion (2.5%, 5.0%, 7.5%, and 10%) in the
diets, with four replicates of 12 birds each. Experimental diets
(Table 2] were formulated on the basis of reference values
reported by Rostagno er al. (2024), except for PCPM composi-
tion, which used wvalues from prior product-composition
analyses performed in this study. The metabolizable energy
value for PCPM was determined wsing method described by
Sakomura and Rostagno (2016) and Rostagno er al. (2024),
where a small digestibility trial was conducted prior to the

main experiment, with the collected feed and faecal
samples being analysed in the laboratory.

PCPM was a fixed component in the diet calculations, with
other ingredient values adjusted on the basis of PCPM inclu-
sion levels. Diets were formulated using SuperCrac software
(TD Software”, Vigosa, Brazil; Software SuperCrac 6.1 Premium,
see https/ Sevww agropecuariainf br/produtos/supercrac). The
composition of these diets was analysed to confirm their
proximate composition according to the methods deseribed
by the AOAC (2019), where moisture content was determined
according to Method 925,10, minerals content was determined
following Method 923.03, lipid content analyses followed
Method Ba 3-38, total protein content was determined
according to Method 92087, and the determination of fibre
contents (crude fibre, NDF and ADF) was performed according
to the methods described by Van Soest et al. (19911,

Growth performance and meat quality

The growth performance of broilers was assessed both
individually in ecach stage (initial and final) and in a
cumulative way. The growth performance variables evaluated
in thiz study included feed intake (kgchird), weight zain
(kg /bird), and feed efficiency (kgfkg). Feed intake for each
stage was calculated by dividing the total feed consumed by
the number of birds in cach pen. Wieight gain was determined
by dividing the total pen weight by the number of birds,
relative to the previous weighing. Feed efficiency was
computed as the ratio of total feed consumed to weight gain.
Combining data from all stages allowed for a comprehensive
assessment of these parameters.

At 56 days of age, following a 12-h fast, 12 birds from each
treatment were randomly chosen for meat-quality analysis,
These birds were weighed, electrically stunned (40 'V, 50 Hz),
and slanghtered by cutting the jugular vein. Carcasses were
then scalded in hot water (60°C/140°F for 62 s), plucked,
and eviscerated following recommendations by Mendes and
Patricio (2004) to determine carcass yield (%) and the yields
of the main economically significant viscera (liver (g/bird}),
gizzard (g/bird) and heart (g/bird)) and foot (g/bird).

Commercial cuts (neck, breast, wing, back, thigh, and
drumstick) were separated and weighed using an analytical
balance (0.01 g), calculating their yvields as a peroentage
relative to the clean carcass. Samples of breast meat from
these carcasses were collected and immediately sent to the
laboratory for determination of their proximate composition
(percentages of moisture, minerals, fats, and proteins) deter-
mined according to the methods deseribed by AQAC (2019).

Haemateological and serum biochemical parameters

Before slaughter, the selected broilers, 12 per treatment,
underwent blood collection. One millilitre of blood was
collected from the broilers directly from the ulnar vein, using
dispozable syringes containing heparin anticoagulant {5000 1U
per sample). These samples were immediately centrifuged at

3
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Table 1.
different lewvels of PCPM inclusion [0%, 25%, 5%, T5% and 10%).

Compaution and guaranteed nuirient concentration (analysed and calowlated concentrations in dry matter) of experirmental diets with

Item Pre-starter [1-7 days) Starter (B-18 days) Final [29-56 days)
o% 15% 5 7.5% liE4 o 15% 5% 158 L1k

Feedstuff
Corn 7 885 SE.07 5807 4 68 5106 d7 45 4383 6334 E1 AR Soae S6.37 5275
Soybean meal 465 832 3835 EA0 3906 1044 3982 25 3064 309 337 4
FPaciflinig cupana peel meal felei] 000 250 500 750 L] 000 150 500 750 1000
Limestone 0e3 042 0.82 0.8 0&n 079 102 10z 07E 075 074
Dacalcium phosphate 179 179 180 18] 182 183 1.55 158 L5% 140 L&l
Sodium chioride 030 0w 07 037 037 028 053 034 028 028 038
Vitamin and mineral supplement st 05 05 05 0S5 0S50 g 0500 ik g 0500
CAL-methionine 9% &0 0w an a1z 12 Ll 003 004 00s 055 006
Soybean oil felei] 037 044 137 2109 252 050 050 [ 1. 4
Total H00E IO000 0000 10000 10000 000D 10000 0000 0000 0040 10000
Price (R5/kg) KA 104 am iM il i 197 180 190 193 156

Murtrient
Metaholisable energy {kealdg) 00000 0000 F0000 0000 30000 30000 320000 320000 320000 320000 320000
Dry matter (%] BTRE BFBR E'TE E7AE  BISE  HTAE &7 &Y BT.&4 BT 4D 8739 BT
Crude protein (%) 1150 2100 200 100 100 200 19.50 1950 1950 19.50 B350
Calcium (%] 054 050 030 as90 as90 a0 0&D C.BD 080 &0 0E0
Avaailable phasphorus (%) LR ] 045 045 045 045 05 040 040 (e [i] 040 040
Sodium (%) o am 15 015 15 015 025 0 oS 15 01s
Crude Fare {%} 40 140 439 5.37 .35 13 1M 4.07 506 G104 T2
MDF [%) o7 a7 73 37 LK W65 1.84 .52 ni W87 LK)
ADF (%) 4.57 497 458 479 470 440 470 454 446 134 417
Tatal lysine (%) 17 13 131 13 122 122 1106 Lo 10 10 Lo
Tatal methionine (%) 045 045 045 046 046 07 035 035 035 035 03é
Total methionine + cystine (X} O.B0 0&n &0 L i) 0&n 0&0 0458 047 Dbs 046 O
Total threanine (] DET 087 0.87 LE:T LE:T 045 079 Q75 07 074 074
Total tryptophan (5 (EW]:3 0.28 0.28 0.28 0.28 0.29 0.25 024 024 0.4 024

“Witamin/mineral supplement per 1 kg of starter diet: folic acid 4, mg; pantothenic acid, 62 300 mg; antioedant, 0.0025 g: biotin, 0.2 mg niacin, 168 mg; selenmum, 15 mg;
witamin A, 33500 |Lt witamin B1, 873 mg; vitarnin B12, 48 pg; vitamin B2, 34 mg; vitamin Bé, 125 mg: vitamin B3, 8000 1L vitaman E, 70 mg; vitamin I3, 72 mg; manganese,

375 mg #nc, 350 mg; iron, 250 mg; copper, 40 mg iodine, 375 mg.

“Witarnin/mineral supplement per 1 kg fnal diet pantothenic acid, 3535 mg; anticsidang, §.0025 g; niacin, 12 mg; selenum, 1 mg; vitamin A, 9800 1; vitarnin 812, 235 pg;
witamin B2, 12 mg; vitamin D3, 2750 BJ; witamin E, 50 mg; vitamin K3, 275 mg: manganese, 375 mg; zinc, 250 mg; iron, 250 mg; copper, 40 mg; iodine, 375 mg.

8217 for 10 min at 20°C (68°F) to separate the red blood cells
for evaluation of haematological parameters and the plasma
was used for analysis of serum biochemical parameters.

These samples were identified and preserved at —4°C (24 8°F)
throughout the process to be sent to the laboratory. In the
analysis of haematological parameters, the collected blood
was used for the count of circulating erythrocytes (M/mm®)
by using a Neubauer chamber after dilution in formaldehyde-
citrate and toluidine blue, and visualised using an optical
microscope (Nikon Eclipse E-501, DM3000, Tokyo, Japan)
with a =40 objective lens.

The hacmoglobin concentration (g/dL) was determined by
the eyanomethaemoglobin method, and the haematocrit (%)

by the microhaematocrit method (Goldenfarb er al. 19713,
with centrifugation of heparinised microcapillary tubes at
24,149 for 5 min (Aride et ol. 2018). Through these analyses,
the mean corpuscular volume (MCV, pm®), mean corpuscular
haemoglobin (MCH, pg/oell), and mean corpuscular harmoglobin
concentration (MCHC, g/dL) were caleulated according to
Wintrobe (1934) and Tavares-Dias and Maoraes (2004,

In the analysis of serum biochemical parameters, the
remaining plasma samples after centrifugation were subjected
to commercial enzgymatic—colorimetric assays by using assay
kits acrording to the manufacturers specific recommenda-
tions, and the readings were taken on a mass spectropho-
tometer (Model E37-UVVIS, Kasvi®™, Sao José dos Pinhais,
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Brazil) at a specific wavelength for each assay. The biochemical
parameters analysed were the concentrations of total proteins,
triglycerides, glucose, cholesterol, and albumin.

Statistical analyses
The adopted statistical model was as follows:

Y|k=_|f.|+|’l|+-"'|k

where ¥, = observed value for the variable under study,
p = overall mean of the experiment, «; = effect of the PCPM
inclusion level, ¢y = experimental error.

All data were analysed using the R software (version 4.1.3;
see hops:Sferanr-project.org/; B Core Team 2021), with
commands executed according to Logan (2010). Initially,
the data were subjected to one-way ANOVA, with Tukey's
honest significant difference test being applied at a 0,05
significance level. Subsequently, the results of significant
[P = 0.05) variables were also subjected to correlation and
polynomial regression analysis to examine the influence of the
independent varable (PCPM inclusion level ) on the dependent
variables (Chatterjee and Hadi 2006i; Dormann et al. 2013).
The mathematical model, whether linear (¥ = a + bx) or
quadratic (¥ = ¢ + bx + ax®), was chosen on the basis of
criteria that determined which model best expressed the
data behaviour (Dormann et al. 2003), with R-squared values
considered as one of these criteria (Chatterjee and Hadi 2006;
Dormann et al. 2013).

Ethics approval

The Animal Ethics Committee of Federal University of
Amazonas approved the study under Protocol number
010/2022, All animal manipulations were performed according
tor the Brazilian Code for the Care and Use of Animals for

Scientific Purposes and reported in proportion to guidelines
and regulations of animal rescarch: reporting of in W
experiments (ARRIVE).

Results

Growth performance

The growth-performance analysis of slow-growing broilers in
the starter stage indicated a significant (P = 0L05) effect of
PCPM inclusion on feed intake and weight gain (Table 3),
with the increasing inclusion of PCPM causing a linear
increase in these variables, that is, the 10% inclusion level
of PCPM providing higher results. However, in the final
stage, feed intake and feed efficiency showed opposite
behaviour, with the increasing inclusion of FCPM reducing
(P = 0.05) the broilers” feed intake, and the 10% inclusion
level of PCPM providing better feed-efficiency result. In this
sense, weight gain in this stage increased (P < 0.,05) linearly
as the inclusion level of PCPM in the diets increased.

When observing the cumulative growth performance, it
was found that the inclusion of PCPM did not significantly
(P = 0.05) affect the cumulative feed intake considering the
entire evaluated period. However, the cumulative results of
weight gain and feed efficiency showed that these variables
were significantly (P < 0.05) influenced by the inclusion of
PCPM, with weight gain increasing linearly and feed efficiency
improving as the inclusion level of PCPM in the diets increased,
that is, the 10% inclusion level of PCPM providing better
cumulative weight gain and feed efficiency results,

Haemateological and serum biochemical parameters

In the results of haematological parameters (Table 4), higher
levels of PCPM inclusion in the diet led to a reduction

Table 3.  Growth perfarmance of slow-growing brailers fed diets containing Poulinig cupana peel meal.
Stage  Variable Pawllinia cupona peel meal inclusion level [%) Pvalue CV [¥X) COR [ R
0.00 .50 5.00 1.50 0. 00

Starter  Fl 143 + 013 148 + 0050 169 + 0.28a 1M+ 0Ma 17 +0052 <000 152 047 ¥ = Ldd + 00534« &7
Wi QA7 +00% 0.5 + 00és 098 + 002ab 101 +£ 0032 106 £ 0022 <00 133 042 ¥ = 0581 + 0018 as7
FE Léd + 0dd 157 = 047 171 = D58 149 + 013 184 + 006 0K 828

Fimal Fi 195+ 03a 30N +033a 398+ 0462 30 =036 2143 +00% 005 1264 —DOB ¥ = 29 + 0068k — 0000 Q85
WG 105 +0HME 104+ 00 =003 102 +004b 136 + 001 005 WEe 0 ¥ = 1004 + 000 043
FE 186+ 03Ba JED + 0d4%a 295 =0467a 192 =055 227 +006b 005 458 —0346 ¥ = 1EMMY + 0097k — O0lGA” 0B

General Fl 438 + 028 449 £ 045 467 £ 074 473 + 034 437 =003 (il 535
WG 190 £+ 0adb 198 + 0Bk 199 + 008k 204 + 007ab 132 = 0022 <001 44% 029 = 1584 + 0.00Ex 045
FE i1+ 0Ma 3 +045% 23+ 068k 23N =032 197 =002k <0 458 —03 ¥ =236 + 0058 — 00083  OF

All data represent the average of 48 replicates (broilers) per treatrment.

Thee mesans within a row followed by different lowercase letters differ signficantly (Tukey test, at P = 005}
F, feed intake [kg/bird), WG, wesght gan (kg/bird]; FE, feed efficiency {kgfkgl ©V, coefficient of vanation; COR, correlation coefficeent betwesn the ndependent
wariable [PCPR inclusion level] and the dependent vanable aralysed; MM mathematcal model adusted according to the influence of the independent variable

(PCPM inclusion level) on the dependent variable
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Table 4. Haematologcal and serurm blechemecal parameters of dlow-growing brollers fed diets containing Poullimia cupana peel meal.

Amalyxis Variable Pauliinia cupana peel meal inclusion lewel (%) Pvalue CV (%] COR EL] .3
.00 .50 5.0 150 000
Haematclogical HEMOG 181 + 18 HLET + 155 279+ 18 BrS + 108 048+ 1% O 1533 - - -
ERI 500+ 00fa 10+ 00Pa 250+ 02 2S00 BX+0Mh <O 1208 —055 ¥ = RS54 00899 — 00154 QB3
HEMAT 3975 + 1572 MM+ 22 5008+ 35k Z981+2Ma AN = 1TSE OO0 PET -00F Y o= 2904 4 DUGMe - O00B 03B

MCY 9909 + 4 70c 005 = 8570 10424 + 10420 0057 + Wdb TFEM+ %2 <O el 029

¥ GBI 4 15066 — 021087 Q74

MCH 40+ 60b MMM+ i0b &Y+ 40Th S48+ S4fa R4l + BRIb <O Al AF ¥ = 56220 - 15408 4 00854 0T

MCHC 3565 + 562 W01+ 547 3242 £ 151 M98+ 5%  I558 + 458 .35 1572 - - =
Biochemical TR i+ a0 154+ 055 55058 13+ 08 4TI+ 0ss a4y a¥e - - -

TR 1865 + 5977 W0ST = MUk SP25 + Nd0c 5400+ WA0c 4025 + 20 <00 758 -044 ¥ = 12955 - ILady ]

G 5088 + 1595 PSP+ RLB0 FMM 4+ 5551 791 & OTAD 12445 + 269 054 A5 - - -

CHO la%ag + Sl TPR28 + SO0

ALR N+ Lid + QB0 140 + QB0

130+ 044

512 + 4202 Biéé + 065 18508 + &4.25 038 LHY - = =

ike+ 0 LRl P L] - - =

All data represent the average of 12 replicates |broilers) per treatment

Thee mesans within a row followed by differemt lowercase [etters differ significantly [Tukey test at & = 0.05)

HEMONG, haemoglobin (g/dl; ERL red bload cell erythrocytes (8 mm’) HEMAT, haematocrit (%) MOV, mean corpuscular valume {pm?); MCH, mean corpuscular
haemoglobin (pgfeell; MCHC, mean corpuscular haemeoglobin concentration (g/dL); TP, total proteins (g/dl): TRI, triglycerides [mgsdl); GLU, glicose [mg/dL);
CHO, cholesteral mg/dL) ALB, albumin (mg/dL] CV, coefhcient of vamation; COR, correlation coetheient between the independent variable [FCPM inclusion
level] and the dependent wariable analysed; Mk, mathematical mode| adusted according to the influence of the independent vanable [FOPM inclusion level) on

the dependent wariable.

(P = 0.05) in the concentration of erythrocytes and the
percentage of haematocrit in the evaluated slow-growing
broilers. In contrast, there was a significant (P < 0.05)
increase in the results of MCH and MCHC in these broilers.
In the results of serum biochemical parameters (Table 4],
only the concentration of triglycerides was significantly
(P < 0.05) influenced by the inclusion of PCPM in the diets,
where the higher inclusion levels of PCPFM in the diet
caused a linear reduction in blood triglyceride concentration.

Meat yield and quality

The slaughter weight and carcass yield (Table 5) of slow-
growing broilers were significantly (P < 0,05) influenced
by the inclusion of PCPM in the diet, where higher inclusion
levels of PCPM in the diet, especially the 7.5% and 10%
inclusion levels, resulted in heavier (=2 kg) broilers at
slaughter and with a higher carcass yield (>79%). Similarly,
as the inclusion level of PCPM in the diet increased, there was
a lincar increase (P < 0.05) in the weights of the liver, gizaand,
and heart of the evaluated slow-growing broilers, where the
7.5% and 10% inclusion levels provided better results.
Evaluating the commercial cuts (Table 5), as the levels of
PCPM inclusion in the diet increased, slow-growing broilers
showed higher (P < 0.05) breast, thigh, and drumstick yields;
however, these broilers exhibited proportionally  lower
(P = 0.05) yiclds of back, wings, and neck. In the proximate
composition of the breasts (Table &), it was observed that
the moisture and lipid contents inereased linearly (P < 0.05)
as the level of PCPM in the diets of slow-growing broilers

increased. Conversely, there was a linear reduction (P < 0.05)
in the mineral and protein contents of these broilers’ breasts.

Discussion

First, we observed that the inclusion of PCPM in the diet of
slow-growing broilers caused a positive impact in most of
growth-performance variables, especially providing heavier
broilers presenting better feed efficiency. It is a great result,
considering that PCPM presents a considerable amount of
fibre in its composition and, consequently, influences the
fibre level of the diets, ranging from 4% to 7%. However, it
appears that this increase in the fibre level did not negatively
affect the broilers’ response to the increasing inclusion level
of PCPM.

The presence of fibre in poultry diets has always been a
major challenge for both researchers and the industry
because the gastrointestinal tract of birds tends to have low
enzymatic activity suitable for digesting fibres, especially
the broilers, which can result in restrictions in nutrient use
(Azizietal. 2021). However, Gonzdlez-Alvarado et al. (20010],
Mateos et al. (2012) and Rufino et al. (2021) reported that
recent studies have indicated that moderate levels of fibre
in poultry diets are very important components for improving
results regarding their physiology and nutrent utilisation,
enhancing the growth performance and other important
productive indices. According to Jiménes-Moreno et al,
[ 2009a, 20095) and Svihus (2011), the positive effects caused
by moderate levels of fibre are directly associated with an
improvement in digestibility through continuous stimulation

&
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Table 5. Meat quality of show-growing brollers fed diets containing Pawlinig cupana peel meal.
Variable Paullinia cupana peel meal inclusion bevel (%) P-wallue €V [%] COR 0] R
0.00 L50 5.00 750 0.0
¥V 191 + D250 196 + 0.Mb 199 + 00b 105 + 0.0%ab 123 = 0lZa <01 449 034 ¥ = 1.89 + 0.028dx 085
Y TEID +d03b 7i95=1¥b TI¥ = 25b B031 +132a 1909 + 13a um 402 =0E o= 14992 + 0.5004x o0&l
FC 434 + udd 456 + 0.3 498 + 037 4.8) + 042 4.54 + 028 LT W
LI 1833 +0%b  E00 £163b 1933 £337b 200 + 1&0a 2500 + 25Ea [KREH] 1.63 031 ¥ o= 1706 + 0936 0E6
Gl 4150 + 2T9b 4483 = 4380 4750 =157ab 4483 + 557b 5166 + 1572 oo o3 056 ¥ =426 + 0T32Bx 0&8
HE 6.22 + L93c 750 = 0430 716 + 143b BO0 £+ 19b 250 = L37a D.as 156 051 Y= G164 + 032BXdr 085
BR 2383 + 5790 J5BA +4.68b 1EM +1Tab 3040 + 335 3120 + 4.3Ea <001 o0 0.08 ¥ = 24.004 + 0T 2x 098
DR 1531 + 3&8b 1646 4+ 1920 I3 + Qédb W05 + 1550 20T + 2Wa <001 1200 oar ¥ o= M.GED + 0584y 094
™ S.éé + 4.8b 161 4+ 1538 1803 + 134a 1907 + 1dla 3077 + 2ETa <001 12 50 iili] ¥ =153 + 05284z as7
BA 13313 4+ 508 11031+ 485 18 = 39%db M0+ 23 1250 =35k [RRVE] 1224 oo ¥ o= 1342 = 11 083
Wl T4d + 1éTa  WB2+ 20 979 + 0.B7h %31 + LXidb £99 + L3k <01 &.82 (el ) ¥ = 553 = 06564 sl
ME 8.53 + 170 851 + 085 E94 + 03Ta 813 + 0462 74T + 0ETD <01 23 —001 ¥ = B455T + 0091Ex — 0029%F  OE8

All data represent the average of 12 replicates |broilers) per treatment

Thee means within a row followed by different lowercase letters are signthcantly different [Tukey test at P = 0.05]

EW, slaughter weight [kg/bird) CY, camcass yield (%] FO, foot [g/hird) LL lwer (g/hbird) Gl gizzard (g/bird); HE, beart [g/bird) G, breast (%), DR, dromstcks [3 TH,
thighs [} Ba, back {%); W1, wings (X]; ME, neck (%] CV, coethcient of wariabion; COR, correlation coethcient between the independent varable (PCPA inclusion level] and
the dependent variable analysed; M, mathematical model adjusted accarding to the nfluence of the independent vanable (FOPM inclusion level] on the dependent
wariable

Table 6. Proximate cormposition of breast fllets from slow-growing brollers fed diets contaming Faulinia cupang peel meal
Variable Paullinio cupana peel meal inclusion leves [%) Pvalue CV[X] COR rd R
oo 150 500 T.50 10,00
(S 18] TO048 = 059 7120+ 06 7S £ 038 7304 + 0762 7545 = 0472 <000 LB3 043 ¥ =708 + 03X 7 x [LL=H
[8]] 1.1 = 0102a 1M =+ 004k 112 £ 0Pk 104 = 023c 102 + 015 <000 [-1-5) —are ¥ = LM - 00192 094
FA L&9 + Db L3% + 0.15c 1.5% + Q&b L58 + 013k L8] + D332 <001 o 038 ¥ =LE5D4 - 00%3Tx + 00 054
PR 2662 + 059 2617 + 0150 2620 £ 018a 2434 = 028k 2352 + D36 <001 505 —0&5 ¥ = 170W - 03250y LET

All data represent the average of 12 replicates |broilers) per treatment

The means within a row followed by different lowercase letters are signihcantly ditferent [Tukey test at F < 0.05]

M40, maisture (3] M, minerals (Z) FA, fats (3); PT, proteins (5] OV, coefhcent of vanation; COR, carrelation coefhcient betwesn the independent variable (PCPAM
inclusion level] and the dependent vanable aralysed; M, mathematical model adjusted according to the influence of the independent variable [PCPA inclusion level)
on the dependent variable

of the gizzard, stimulation of the small-intestine activity, and
a positive effect on intestinal microbiota owing to their
prebiotic action.

For instance, in a study conducted by Pushpakumara et al.
[2017), the inclusion of palm kernel meal in broiler diets
was beneficial, with improvements in feed efficiency and
increased weight gain, leading the authors to recommend
using up to 15% of this food in the broiler diet. Conversely,
Malhado er al. (2022) studied different inclusion levels of
barley residues in the feed of slow-growing Label Rouge
broilers and found no significant (P > 0.05) differences in
weight gain, final weight, and feed effidency. However, they
observed a significant (P < 0.05) difference in feed intake,
with a linear increase as the inclusion of barley in the diet
increased. Similarly, Costa et al. (2017) found that gradually

increasing the inclusion of babassu flour in broiler dicts
resulted in birds with a higher weight and better production
efficiency. However, when the inclusion reached 25%, there
was a decrease in these indices,

These relations among fibre levels and their action on
poultry physiology present an important challenge to the
use of alternative foods in poultry diets, because many
alternative foods are residues from the food-processing
industry, mainly consisting of peels and seeds, which naturally
have a high fibre content (Rufino et al. 2015; Cruz and Rufino
2017; Rufino et al. 2021). Depending on the alternative food
bring used, its fibre content can be considerably high, affecting
the metabolism of other nutrients, especially proteins and
soluble carbohydrates, and harming growth performance
(Liu et al. 2018; Rufino et al. 2021; Cho et al. 2024).
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When considering the positive effects of PCPM in the diet
of slow-growing broilers on both growth performance and
meat guality, it should also be emphasised that residues
from the processing of Paullinia cupano may also contain
substances that confer stimulating, energetic, antioxidant,
antimicrobial, and chemoprophylactic properties (Margues
et al. 2016; Yonckura et al. 2016). As with other alternative
foods, these additional properties may improve nutrient
utilisation and the physiological response of the birds (Cruz
and Rufino 2017).

The results obtained from haematological parameters help
reinforee these observations, because the increased levels of
PCPM inclusion in the brodler diet led to a reduction in the
concentration of erythrocytes and the haematocrit percentage;
however, alongside there was an increase in MCH and MCHC.
Literature reports, for example, that reference values for
haematocrit in birds typically range from 25% to 50%;
values below this limit may indicate anemia, whereas values
above may suggest dehydration or polyeythemia (Muneer
et al. 2021; Al-Khalaifah et al. 2022). For the other variables,
we also observed that in all evaluated treatments, the broilers
fell within in an acceptable stable range, albeit being close to
the limit (Seo et al. 2015; Muneer et al. 2021).

In the results of serum biochemical parameters, even
though only the concentration of triglycerides was significantly
influenced by the inclusion of PCPM in the dicts of the
broilers, this is an important result because the concentra-
tion of triglycerides can be an important indicator of metabolic
disorders caused by feeding. In broilers, triglycerides are
available in the intestinal mucosa and liver from the digestion
and abzorption of fatty acids, where high concentrations of
these can lead to a significant reduction in growth perfor-
mance [(Zhou ef al. 2020; Hu et al. 2021). The results of this
study showed a linear reduction in triglyceride concentration
with the inclusion of PCPM, which can be considered a
positive aspect, because even slow-growing broilers, owing to
their natural accelerated growth compared with other poultry
categories, may present scenarios with elevated metabolic
rates, which can be detrimental to their health and growth
performance.

Moreover, it was also possible to observe the positive
influence of the great growth-performance results on meat
quality, with broilers fed diets with a higher inclusion level
of PCPM, namely 7.5% and 10% FCPM inclusion, showing
better carcass yield, higher values for liver, gizzard, and
heart, as well as more breast, thigh, and drumstick yvield, in
addition to good content of fats. According to Malhado
et al. (2022), good growth-performance results from the use
of alternative foods generally end up being reflected in
meat quality, as observed in this study, with the authors
commenting that this applies to both fast-growing and
slow-growing broilers. The results of Geron er al. (2015),
Rossa et al. (2005}, Shi et al. (2019) and Rufino et al. (2021)
also supported this statement, complementing this scenario
with the observation that this is directly related to the

nutritional composition of the food being tested, how its
inclusion can interfere with the composition of the diets,
and, consequently, their utilisation by the broilers.

When comparing the results obtained in this study with
those reported in the literature using other alternative feeds
in broiler diets, we observed that slow-growing broilers fed
diets with lower inclusion levels of PCPM (2.5-5%) showed
slightly lower growth-performance and meat-gquality results
than did other slow-growing broilers (Dixon 2020; Ravner
et al. 2020; Gie ef al. 2021; Santos et al. 2021) and signifi-
cantly lower results than did fast-growing brodlers (Dixon
2020; Gilz et al. 2021; Santos et al. 2021). In contrast, slow-
growing broilers fed diets with higher inclusion levels of
PCPM (7.5-10%) showed growth-performance and meat-
guality results close to or equal to those reported in the
literature for other slow-growing broilers (Dixon 2020;
Rayner et al. 2020; Giiz et al. 2021; Santos et al. 2021) and
somewhat close to fast-growing broilers (Dixon 2020; Giiz
et al. 2021; Santos et al. 2021).

On the basis of these results, it is possible to assume that
FCPM may have maintained to some extent the nutritional
profile (rich in carbohydrates and lipids) and bioactive
compounds (caffeine) originally contained in the Poullinia
cupana froit, and that these were beneficial for the growth
of the broilers. Additionally, the antioxidant and fibrous
compounds naturally found in the Poullinio cupona husk, as
observed with the inclusion of other foods, may help in the
intestinal health of the birds during this critical phase, further
reducing the proliferation of various intestinal bacteria,
pathogenic or not, through the reduction of pH and production
of volatile fatty acids (Oleforuh-Okoleh et al. 2015).

Here, it is important to mention the peculiarities of the
productive and physiological responses of the slow-growing
broilers wsed in this study compared with fast-growing
broilers, which are typically used in most studies testing
alternative foods in poultry diets. The use of slow-growing
broiler breeds has been suggested to decrease welfare issues,
especially in tropical climate regions, which are warmer
(Montoro-Dasi et al. 2020; van der Eijk et al. 2023), such as
observed in this study. Previous studies have also reported
that slow-growing breeds are more active, have lower levels
of lameness and fewer hock and foot-pad lesions than do
fast-growing breeds, in addition to their having lower mortality
rates and fewer lameness issues resulting in fewer culls (Dixon
2020; Rayner et al. 2020; Guz et al. 2021).

This is especially relevant in terms of behaviour, welfare,
and growth performance in a sustainable approach. de Jong
et al. (2022} defined slower-growing broilers as growing
<50 g/day, whereas fast-growing broilers grow =60 g/day.
In general, slower-growing broilers are more active and
exhibit improved welfare measures (Dixon 2020; Rayner
et al. 2020; Giiz et al. 2021; van der Eijk et of. 2022), although
differences are not always found (de Jong et al. 2022)
Regarding growth performance, slow-growing brodlers generally
have lower daily bodyweight gain, daily feed intake, and

&
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maortality rates, and can maintain greater feed efficiency than
do fast-growing broilers (Giiz et al. 2021; Torrey et ol. 2021;
Wan der Eijk et ol. 2022, 2023). Furthermore, slow-growing
broilers have lower carcass yield and breast yield, and
higher thigh, drumstick, and wing yields relative to carcass
weight (Santos et al. 2021).

Conclusions

The inclusion of PCPM in the diet of slow-growing broilers
positively affected growth performance, enhancing meat
quality and yvields of valuable cuts such as breast, drumstick,
and thigh, where 10% inclusion level presented better results.
Despite the increased modsture content and decreased protein
contents in breast meat, the overall benefits to meat quality
and bird health were significant. The study findings suggested
that PCPM can be a wviable alternative feed ingredient,
promoting sustainable livestock management by utilising
residues from the food-processing industry.
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Growth Performance and Economic Feasibility
of Guarana By-products in Diets for Slow-
growing Broilers'

ABSTRACT

The study evaluated the inclusion of guarana by-products, guarana
pesel meal (GPEM), and guarana pulp meal (GPUM) in diets for slow-
growing broilers to assess their impact on growth performance and
economic feasibility. To evaluate the etfects of quarana by-products, two
experiments were conducted. In both experiments, 240 slow-growing
male broilers of the Label Rouge strain were used. Both experiment
1 {testing GPEM) and experiment 2 (testing GPUM) were conducted
using a completely randomized design, with treatments consisting of a
control diet (without the inclusion of the tested product) and four levels
of inclusion of the tested product (2.5%, 5.0%, 7.5%, and 10%) in
the diets, each with four replicates of 12 birds. GPEM, with higher fiber
content, improved feed efficiency and weight gain at higher inclusion
levels (up to 10%), while GPUM, with higher energy content, showed
optimal performance at intermediate levels (7.5%). Both by-products
enhanced meat production and economic returns compared to the basal
diet. The results suggest that GPEM s suitable for systems prioritizing
feed efficiency and cost-effectiveness, while GPUM is better suited for
phases requiring higher energy intake and weight gain. Additicnally,
the use of these agro-industrial residues promotes sustainability by
integrating circular economy practices into poultry production. The
findings highlight the potential of guarana by-products as alternative
feed ingredients to improve productivity and reduce costs, particularly
in regions with abundant availability of these residues.

INTRODUCTION

In various regions of Brazil, especially in the Amazon, logistics
for inputs significantly increase the cost of feedstuffs used in the
formulation and production of balanced diets (Cruz ef &/, 2016). This
scenario encourages research testing alternative feeds, especially those
using agro-industrial residues to reduce feed costs, which can account
for 60% to 80% of total production costs in activities such as poultry
farming (Rufino et af,, 2015; Cruz et al,, 2016; Costa et al, 2018a,b;
Aride af af, 2016, 2018, 2020; Polese et al., 2022). These residues
are often processed into meals and incorporated into poultry diets as
nutritional supplements, while also providing competitive advantages
for producers {Cruz & Rufino, 2017).

The Amazon region presents numercus native species with econamic,
technological, and nutritional potential, which have sparked scientific
interest in various fields such as food, pharmaceuticals, cosmetics,
flavorings, and essences, as well as their potential applications in animal
feeding (Clement et al,, 2005; Oliveira ef al, 2010). In this context,
ane fruit that is produced intensively and generates a large amount of
residue during the harvest season, with potential for use in animal feed,
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is guarana (Pawllinia cupana) (Ferreira et al., 2022).
This fruit, native to the Amazon, is cultivated in several
parts of Brazil and holds great economic and social
importance due to its high demand from the beverage
industry for the production of soft drinks and energy
drinks {Espincla et &, 1997, Marques et al., 2016;
Ferreira et al,, 2022).

Among  the poultry farming  segments  that
require these alternative feeds, slow-growing brailer
production has stood out, particularly for small and
medium producers (Machado et al., 2018; Sarica et al.,
2020; Cruz et al, 2023). These broilers exhibit greater
tolerance to temperature variations and resistance to
certain microorganisms {(Sarica ef al, 20200, along
with a more gradual and proportional growth rate
compared to fast-growing strains {(Machado et al,
2018; Cruz et al,, 2023). However, their longer growth
period can lead to higher production costs, making
these strains less economically attractive for large-
scale production, though they remain appealing for
alternative production systems (Lusk et al, 2019;
Sarica et al., 2020).

References to the use of guarana or its by-products
in poultry diets are very scarce in the literature {Santos
et al., 2024). However, considering its rich nutritional
properties, a high volume of production that generates
residues, and its importance to Brazilian agribusiness,
guarana by-products may exhibit good biological
and productive potential as well as economic viability
for incusion in poultry diets (Cruz & Rufine, 2017;
Costa et 4., 2018a,b; Santos et al, 2024). Moreover,
they contribute to a circular economy within these
production chains (Cruz & Rufino, 2017 Oliveira, 2018;
Aliet al, 2021). Based on this infarmation, the present
study aimed to evaluate the growth performance and
economic feasibility of slow-growing broilers fed diets
containing increasing levels of quarana by-products.

MATERIALS AND METHODS

The current experiment was conducted at the
Faculty of Agrarian Sciences of the Federal University
of Amazonas, located in Manaus City, Amazonas
State, Brazil. All experimental procedures were
conducted in accordance with the guidelines of the
Local Experimental Animal Care Committee and were
approved by the URAM ethics committee (protocal
number 010/2022).
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Acquisition and composition analysis of
guarana hy-products

The guarana by-products were obtained in the
municipality of Maués, Amazonas, located 259 km
from Manaus, the state capital. The following steps
were performed to obtain guarana peel meal (GPEM):
1} Ripe guarana fruits underwent a manual harvesting
process, 2] The harvested fruitswere stored in baskets for
approximately three days, undergoing a fermentation
process; 3) The fruits were separated into seeds and
peels; 4 The peels were isolated as residues; 5) The seeds
were processed for guarana extract extraction, used in
the production of industrialized carbonated beverages;
B} The guarana peels were dried in a closed-circulation
aven at 105°C for 24 hours; 7) The dried guarana
peels were ground in a grain grinder using sieves with
hole diameters similar to those used for corn (4 mm);
and 8) the final product, referred to as GFEM, was
bagged and stored in a dry and ventilated location for
use in the preparation of experimental diets. To obtain
guarana pulp meal (GPUK), the following steps were
performed: 1) Ripe guarana fruits underwent a manual
harvesting process; 2) The harvested fruits were stored
in baskets for approximately three days, undergoing
a fermentation process, 3) The fruits were separated
into seeds and peels; 4) The seeds were processed for
guarana extract extraction, used in the production of
industrialized carbonated beverages; 5) The residues
remaining from the seed extraction were separated
and dried in a closed-circulation oven at 105°C for
24 hours; 8) these dried residues were ground in a
grain grinder using sieves with hole diameters similar
to those used for corn (4 mm); 7) the final product,
referred to as GPUM, was bagged and stored in a dry
and ventilated location for use in the preparation of
experimental diets.

Before conducting the experiment, the proximate
composition of both GPEM and GPUM (Table 1) was
determined at the Fish Technology Laboratory of
UFAR. The dry matter content was determined in an
aven at 105 °C following the ADAC 22510 (2019)
method. Mineral content was assessed by incineration
in & muffle furnace at 550 °C, in accordance with the
ADAC 923.03 (2019) method. Lipid content analysis
follvawed the A0CS Ba 3-38 method. Total protein
was determined using the Kjeldahl method, according
to AQAC 920,87 (2019). Fiber content (crude fibar,
neutral detergent fiber (NDF), and acid detergent fiber
{ADF)} was analyzed as described by Van Soest et al.
{1991).
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Table 1 - Composition of guarana by-products tested.
varlables

Guarana pesl meal  Guarana pulp meal

[Dry matier, 3 aa11 B3.93
Crude protein, S 1872 1217
Fats, % 5.36 21
‘inerals, % 5.33 1.01
Crude Fler, % 44.04 a7
Meutral detergent fiber, % 6166 40,84
A detengern fiber, % 39564 26.1%
Soluble carbohydrates, 5 655 55.14
Gineas energy, kealkg 6,495 65 5,745.42
Metabolizable enengy®, kealikg 2,158.64 18185

*Determined wsing the apparent mesabolirable enengy caloulation method descrived by Sakomuea
and Rmstagno 42016) and Rostapno et af. (2024},

Facilities, animals and experimental design

Te evaluate the effects of guarana by-products
on growth perfermance and economic viability, two
experiments were conducted, one for the inclusion of
GPEM, and the other for the inclusion of GPUNM.

In both experiments, a poultry house with a ceiling
height of 3.25 rmwas used, with structural adaptations
to improve bird welfare. Temperature and relative
hurmidity were monitored using a small digital weather

Growth Performance and Economic Feasibility of
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station, recording averages of 27.6 °C and 62.3%,
respectively. Throughout the experimental period, the
braoilers were monitored for potential signs of heat
strass caused by the environment, a condition that was
nat observed during the entire experimental pericd in
either experiment.

240 slow-growing male broilers of the Label Rouge
strain were used in both experiments, sourced from
the Hatchery Center of LFAM'S Poultry Sector. Initially,
1-day-old chicks were housed in a brooder circle with
wond shavings as bedding, tray feeders, and cup
drinkers, at a density of 50 birds/m?, with a central
electric heating source, until they reached 7 days
of age. Subseguently, they were allocated to their
respective treatments in pens measuring 4 m? each,
equipped with tubular feeders, pendulum drinkers, and
wood shavings bedding on the floor. The experimental
stages were divided into an initial (8-28 days) and
a final {29-56 days), during which the birds had ad
Iibiturm access to feed and water. & lighting program
suitable for slow-growing broilers was implemented
{Wu et al, 2022).

Table 2 - Composition of the experimental diets containing guarana peel meal.

Pre-initial Initial |8 1o 28 days) Final (29 to 56 days)
Feadtulis (1 1o 7 days) q 15 5 75 10 0 25 5 7.5 10
Con T.58% 58.07 5807 54.68 51.06 4745 43 83 63.34 G188 59.99 5537 5275
oybean meal 6% 3831 3835 3p.E9 3008 9.4 3082 3253 3064 30.89 inar 1164
Guarana peel meal 0.00 000 250 500 T.50 10,00 000 2580 500 T.50 10.an
Limesione 0.93 .82 0.82 0.81 0.AD 0.74 1.02 1.02 0.76 075 .74
DCicalcirn phosphate 1.79 1.9 1.80 181 1.82 1.83 1.55 158 1.59 160 .61
Comeman salt .30 g.10 .27 0.27 n.2? 0.28 0.3 0.34 0.28 028 .28
Vit Min. supplement 0.50' 050"  050'  0S0' 050" 0500 OS¢ 05 0S50 0S5 050
oL-methiznine 99% a0 010 0.1 a2 a1z 013 (E] 0.0 a.05 0.55 006
Soyhean oll 0.00 027 .64 137 plli ] 182 054 Q.50 0.96 11% 141
Tatal 10000 10000 100000 10000 100.00 100.00 100000 10000 10000 10000 100.00
Hutrients Guarantes levels’
Metahabzable anergy, kealikg 3,000.00 310000 310000 310000 370000 310000 320000 3200400 320000 330000 320000
Dy matter, % &i.8E K788 Bl T Ei.6E &7.56 AT 46 189 E1.BE E7.49 &7.39 /729
Crude protein, % 22.50 2.0 F1.00 21.00 .40 2100 1550 19.50 19,50 19.50 19.50
Caldum, % 0.94 .50 .90 0.40 0an 0.90 080 Q.80 0.80 [il:]1] 080
Aualable phosphans, % 046 0.4% 0.45 0.5 .45 0.45 0.40 040 040 0.40 .40
Sodium, % 015 Q.19 a.is 015 s 015 0.35 018 015 o5 015
Crude fiber, % 240 3.40 139 537 635 133 376 a7 5.6 B.04 1.02
BIDF, % 478 4.Ta 6.15 752 B89 1026 442 570 il 2.4 583
ADF, % 1106 3.06 305 483 571 B0 284 .66 4.55 5.44 6.32
Tatal lysine, % 1.4 1.1 1.2 121 122 132 1.08 1.m 101 101 1.01
Tatal methioning, % .45 0.4% 0.45 048 046 0.47 .35 0.35 035 0.3% .38
Tatal methioning + oystine, % CLED Q.80 0.80 OB 0801 080 .68 067 (LGB (&6 .66
Tatal thregnine, % a7 0.87 0.87 08B I.56 0.8% .79 0.7% 075 0.74 .74
Tatal typtophan, % 028 0.18 0.28 028 028 0.1 0.15 0.24 o4 024 0.24

"Wilamnimineral wpplement - stamer: Comlent per 1 kg of det = kolic uerng Fantmihenic 20d 12,508 mg, Anticeddant .5 g, Biotn 40 mg, Naon 44,600 mg, 54:e1u11mrrn;,'.l'|lanl1hl£,?u.-,m-
1L, sitamin B1 1,750 ma, Yitamin B12 9,800 men, Vitamin B2 4,300 mo, Witamin B6 2,500 mg, Yitamin 03 1,800,000 &, "Witamin E 14,050 mg, Vieamin K3 1,440 mg. Mineral supplement — content per 0.5
kg = Manganew 150,000 mg, Zinc 100,063 mg, ian 100,500 mg, Copzer 16,008 mg, lodne 1,530 mo. * Vitaminiminea| wpdemen: - finsher Content per § by of diet = Folic acd 850 mo, Parscthenic
acid 10,400 mg, Antoeidant 0.5 g, Kiadn 34,000 mg, Selenium 300 mo. Yitamin A 5,600,000 1, Yitamn B1 550 mg, Vilamn B12 §000 meg, Yitamin B2 4,000 mg, Vitamin B& 3080 mg, Yiamn D3
1,200,009 1U, sitamin E 10,000 mg, Witamin K3 1,200 mg. Mineral supphemant — comtent per 015 kg = Mangarese 150,000 mg, Zinc 100,000 mg, kon 100,000 ma, Copper 16,000 mg, lodine 1,500 mg.

Ievels anatyzed and caltulaved on 2 dry matser bass.
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Both experiment 1 (testing GPEM) and experiment
2 (testing GPUM) were conducted using a completely
randomized design, with treatments consisting of
a control diet (without the inclusion of the product
being tested) and four levels of inclusion of the tested
product {2.5%, 5.0%, 7.5%, and 10%) in the diets,
each with four replicates of 12 birds. The experimental
diets (Tables 2 and 3) were formulated based on the
reference values of Rostagno et all (2024), except
for the GPEM and GPUN, which used values from
prior compositional analyses of the product. The
metabolizable energy values of these guarana by-
products were determined using estimation methods
described by Sakomura and Rostagno (2016) and
Rostagno ef al. (2024).
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The guarana by-products were a fixed component
in the diet calculations, with other feedstuffs values
being adjusted based on the inclusion levels proposed
in the experiments. The diets were formulated using
the SuperCrac software (TD Software®, Vicosa,
Brazil). The composition of these diets was analyzed
to confirm their proximate composition according
to the methods described by ADAC {2019}, where
moisture content was determined following method
92510, mineral content accoerding to method 923.03,
lipid content analyses followed method Ba 3-38,
total protein content was determined using method
920.87, and fiber content (crude fiber, NDF, and ADF)
was determined according to the methods described
by Van Soest ef af. {1991).

Table 3 - Compasition of the experimental diets containing guarana pulp meal.

Pre-initial Initlal (B to 28 days) Fimal (29 1o 56 days}
Rezdstufy {1 1o 7 days) o P E] 1.5 10 o P 3 15 10
Cam 7,88% 5807 S8.07 55.27 5317 50.10 47.00 B3.34 &1.57 58.4% 55.40 52.31
Soybean meal 6% 32 3835 350 3566 359.55 35.43 32.53 30.5 0y 3028 3.7
Giearana pulp meal 0.0d Lfili] 150 5.00 150 10.00 0400 150 5.00 i.50 10.00
Limestane .93 0.82 0,83 .52 0.81 0.81 1.02 0.7B .75 0.5 0.4
Dicalclum phaosphate 1.79 1.7% 182 1.84 1.85 1.87 1.55 158 1.60 1.61 1.63
Cammuom salt .30 0.0 ozrs .28 0.18 0.28 0.53 0.2 I8 .18 0.29
ViE. Min. supgbement 0.50! 050" 050! 0.500 0.500 050 050 n.50° 0.5 0.50" 050
DL-methonine 39% 10 a.lo 014 .15 1A L] 0.18 0.03 0.3 (.06 o7 .08
Soybean ol 0.0d 017 1.90 158 i35 383 0.50 126 193 361 4.38
Total 100.00 1040.00 100.00 100.00 100.00 100.00 1040.00 100.00 100.00 100,00 10000
Mutrients Guarantee |evels®
Metabolizable energy, koaliky 3,000.00 3,100.00  3,7100.00 310000 3100400 310000 3,200000  3300.00 320000 320000 3200000
Diry matier, % arse 2188 2786 2767 B7.58 87.50 B7.89 B1.76 BT5% B7.42 8735
L proten, % 2250 21.00 21.00 21.00 21.00 21.00 19.530 19.50 1950 19.50 19.50
Calzium, % .94 080 080 090 0.9 0.90 0.80 B0 050 0.80 0.80
Avallable phosphorus, % b.£6 0,45 0.45 .45 0.45 043 0.40 040 .40 .40 0.40
Sodium, % 015 0.1% 015 015 0.15 0.15 0.25 15 015 0.15 0.15
Crude fiber, % 340 3.40 igq 461 5.17 5.893 i18 4.a7 5.0% b.04 7.03
HOF, % 1.76 476 552 B.45 7.3% 830 442 5.70 108 845 9.83
ADE % 3% 106 355 4.15 4.4 5.34 4.7 1.54 .45 436 4.7
Total bysine, % 1.4 1.21 1.14 1.12 1.1 1.10 1.06 1,00 0,93 058 047
Total methicnine, 5 0.45 0.45 b4y .47 048 0.4% 0.33 I35 1,35 1,36 0,37
Total methionine + cysting, % 0.80 080 050 0.80 0.80 0.80 n&e 0,56 0,68 0,66 0,56
Tedal threonine, % .87 0.EY .52 0.81 0.80 0.7% o.rg 075 1,73 0,73 0,71
Total tryptophan, % 0.28 028 027 0.36 0.26 0.26 L] 0,24 0,13 0,23 0,23

Vitamin'mineral supplement - starter: Conbens per 1 kg of diet = Falic acd BOG mg, Pansathenic aad 12,500 mo, Artmedant 0.5 0. Biatin 40 ma, kiacin 33800 mg, Selenum 300 ma, Yramina b, 700,000
1L, Vitamin B1 1,750 mo. Vieamin 812 9,600 mag, Yitamin B2 4,800 mqg, Vitamin BS 2,500 mo. Vieamin O3 1,600,000 1L, Vitamin E 14,000 ma, Sitamin K3 1,430 mg Minerdl supplement — content per 0.5
kg = Manganese 150,000 mo, Zinc 100,000 my, Iron 100,000 ma, Cozper 16,000 mo, Iodine 1,500 ma. *Viamisimineral suzplement — finisher: Congers per 1 kg of diet = Folic acid 653 mg, Fantoihenic
add 10,400 mo. Anticeddant 0.5 g, Niaon 28,000 mg, Selenium 300 ma, Vitamin & 5,600,000 1L, Vikamin B1 550 mg, 'Yitamin B12 8,000 mog, Vikamin B2 4,000 mo, Yiamin B6 2,080 ma, Vitamin b3
1,300,500 1U, vitamin E 10,000 mg, Vitamin £2 1,200 ma Minera supplement — content per 0.5 kg = Manganese 150,000 mg, Zinc 100,800 mg, iren 100,800 mg, Copper 16,000 my, iedine 1,500 mg

“Lewrls anakyred and cakoulated on a diy matier basis.

Experimental analysis

In both experiments, during 56 days, performance
data (feed intake and weight gain) were collected from
the birds for use in the economic feasibility analysis
following the methodological procedures described by
Costa et al. (2018a,b) and Rufino et al. (2018). At 56
days of age, after a 12-hour fasting period, 12 birds

from each treatment group were randomly selected
for weighing, stunning by electric shock (40 W, 5O
Hz}, and slaughter by cutting of the jugular vein. The
carcasses were then scalded in hot water (60 °C for 62
seconds), defeathered, and eviscerated following the
recommendations of Mendes & Patricio (2004).
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[

To determine feed costs and production expenses,
only the per-kilogram prices of the feedstuffs used and
their updated prices in the region during the experiment
were considered. The prices were as follows: corn,
Ri 1.66; soybean meal, R 3.65; limestone, RE 0.73;
dicalcium phosphate, R$ 4.50; common salt, R$ 0.83;
DL-Methionine 99%, R$51.00; and mineral and vitamin
supplements {F1 - starter; F2 - grower; and F3 - finisher),
R 28 3%%g (average price). The cost of GPEM and
GPUM was caleulated considering only transportation
and handling expenses {labor), with estimated prices of
RE 0.30 and R$ 0.35 per kilogram, respectively. Fixed
costs included depreciation of facilities and equipment
imaintenance, water, electricity, etc.), where interest
on capital remained unchanged in the short terrm and
was considered constant acrass all treatments. Variable
caosts included only bird feed expenses and labor.

The wvariables were calculated based on the
production of each plot. The Productive Efficiency
Index (PEl} was determined using the formula:

CDWGE*WVIAB*100
FCR

PEl =

Where:
DWG = daily weight gain of the plot (kg)
VIAB = viability of the plot (%)
FCR = feed corversion ratio of the plet (kakg).
The feed cost (FC, RE), the only production cost
used as an analysis variable, was determined through

the acquisition of ingredients and feed preparation,
estimatad by the formula:

FC=AFI*AP

Where:

AFl = accumulated feed intake of the plot (kg)

AP = average price per kilogram of feed, considering
both stages (R3/kg).

For total meat production (kg) and meat production
per square meter (kg/m2), the carcass yield of
slaughtered, scalded, defeathered, and cleaned
animals was considered, as described by Costa et
al. (2018b) and Rufino et al. (2018). To calculate the
production cost per kilogram of meat (PCKG, R¥kg),
the following formula was used:

CA

PCKG = “praDKG

Where:
FC = feed cost of the plot (R$)
FRODKG = meat production of the plot (kg).
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To determine the production cost per square meter
of meat (PCPSM, RS/mi), the following formula was
used:

CA

PCPSM = “BRGoDSM

Where:
FC = feed cost of the plot (R3)
FRODSM = meat production per square meter of the
plot (kg/m2).
The gross revenue (REV, RS) was calculated based

on the relationship between meat production and the
selling price per kilogram of the product, using:

REV=0=*5P
Where:
0 = guantity of meat praduced by the plat (k)
5P = selling price per kilogram of meat produced (R¥/kg).

It is important to note that the selling price per
kilogram of chicken, applying a gross margin value-
added calculation, was determined based on the market
price in the region, fixed at B3 8.00 per kg. Gross profit
{PRO, R} was caloulated as the monetary difference
between the total revenue from the estimated sale
of the chickens (kilograms of chicken meat) and the
discounted production cost, which derived from the
feed cost, using the formula:

PRO=REV-FC

Where:
REV = gross revenue of the plat (R$)
FC = feed cost of the plot (R$).

The profitability index (P, %), which indicates the
capital available after covering costs (in this case, feed
costs), was derived from the relationship between gross
added value and gross revenue, using the formula:

_ (-ERO \.
pi= (E82-)+ 100
Where:
PRO = gross profit of the plot (R$)
REV = gross revenue of the plat (R$).

For the break-even point (BE, kg), the quantity of
praduction required te achieve zero return, covering
all costs, was considered. In this case, it represants a
partial break-even point, as it reflects the production
volume necessary to cover feed costs. The formula
used was:
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REY

BE= <p

Where:
REW = gross revenue of the plot (RE)
5P = selling price per kilogram of meat produced (RE%aq).

Statistical analyses
The statistical model adopted was as follows:

Y, = H+ O+ €
Where:
¥, = Observed value for the variable under study
p = Overall expenment mean
o = Effect of GPEM or GPUM levels
€, = Experimental error.

All data were analyzed using one-way ANOWVA
with B software (2021). Commands were executed
following Logans (2010) guidelines. Tukeys Honest
Significant Difference (HSD) test was used to examine
significant differences among the GPEM or GPUM
levels (independent variable) for each dependent
variable evaluated. Results are presented as means,
and the significance level for differences was set at
0.05.

Subsequently, results for  significant  variables
(p=0.05) were subjected to correlation and palynormial
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regression analysis to evaluate the influence of the
independent variable on the dependent wvariables
{Chatterjee & Hadi, 2006, Logan, 2010). The
mathematical model, either linear (Y = a + hx) or
quadratic (Y = ¢ + bx + ax’), was selected based on
the influence of the independent wvariable on the
dependent variable analyzed {Dormann et al., 2013).
R-squared values were also considered as a criterion to
determine the best model (Chatterjee & Hadi, 2006;
Cormann et &, 2013).

RESULTS AN DISCUSSION

Experiment 1

The growth performance analysis of slow-growing
broilers in the starter stage indicated a significant
effect (p<0.05) of GPEM inclusion on feed intake and
weight gain (Table 4), with the increasing inclusion of
GPEM causing a linear increase in these variables; that
is, the 10% inclusion level of GPEM provided higher
results. However, in the final stage, feed intake and
feed efficiency showed an opposite behavior, with the
increasing inclusion of GPEM reducing (p<0.05) the
braoilers feed intake, and the 10% inclusion level of
GPEM providing a better feed efficiency result. In this
sense, weight gain in this stage increased (p<0.05)
linearly as the inclusion of GPEM in the diets increased.

Table 4 - Growth perfermance of slow-growing broilers fed diets containing increasing levels of guarana peel meal".

Guarana peel meal levels, %

1 1 £
Stage Variables ™ 25 =00 15 0ot pualue® OV, % COR MM* R
A 1.43% 1488 1.69 .71 .74 <0.01 152 047 ¥ = 144 + 0.054x 046
Staimes W oamr 0.a4x bS5 1art 105" <1001 233 0.42 ¥ =081+ 0018x 044
5 3 .64 1.57 1.9 1469 164 [P Bi] 828 - - -
F 2950 201 2983 an 1630 .05 12.64 -008 ¥ = 29360 + 0.0681% - 0.0094:° 045
Final WG 1.038 1.04% 1018 1.0z 1.18* 0.05 10,69 0.1 ¥ = 1004 + 0.01x 042
FE 286" 25w 145 a3 117 L.05 459 -0.3h ¥ = 2.B049 + 0.1197% - 0.0166:° 043
A 4.38 449 467 472 437 009 535 - - -
ereral W 1.90¢ 198 1.99¢ 1.04% 2.1 <10, 469 0.33 ¥ = 1866+ 0.028x 0.B%
FE 231" 27 135" 231" 1.97 <001 458 -034 y = 1262 + 0.058% - 0.0083%" 041

! &l daia represenk the sveraqe of 48 seplicabes (heoders| per treatment. ¥ = Feod imtabe fogfbind). WG = Weight gain (g/bind]. FE = Feed eficiency [kgikgl. " The mears followed by |owercsae bethers in the
liness differ using the Tubey fest [pec085]. not signiicant = poel.88. 4 OV = Coeffident of vasiation. * €0F = comelation coefficient besween the independent vasiable |GFE lewels) and the dependens variable
anakyed © Mkl = Mathematical model adjested according o the influence of the independem! warizble touarana peel meal levels) on the dependent warizble

When observing the cumulative  growth
parformance, it was found that the inclusion of GPEM
did not significantly affect (pe=0.05) the cumulative feed
intake in the entire evaluated period. However, the
cumulative results of weight gain and feed efficiency
showed that these wvariables were  significantly
influenced (p<0.05) by the inclusion of GPEM, with
weight gain increasing linearly, and feed efficiency
improving as the levels of GPEM in the diets increased,

that is, the 10% inclusion level of GPEM led to better
curmulative weight gain and feed efficiency results.
The inclusion of GPEM positively impacted most
growth performance variables, notably producing
heavier broilers with improved feed efficiency. This result
iz particularly significant given that GPEM contains
a considerable amount of fiber, which increased
the dietary fiber levels from 4% to 7%. Despite this
increase in fiber contents, broiler performance was
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not adversely affected by the progressive inclusion
of GPEM. Fiber in poultry diets has traditionally
posed challenges for researchers and industry, as the
avian gastrointestinal tract exhibits limited enzymatic
activity for fiber digestion, particularly in broilers,
potentially restricting nutrient utilization [Azizi ef al,
2021). Monetheless, studies by Gonzdlez-Alvarado et
al. {2010), Mateos et al. (2012), Rufino &t &l (2021)
and Santos ef al. (2024) suggest that moderate fiber
levels in poultry diets play a crucial role in enhancing
physiclogical responses, nutrient  utilization, and
overall growth performance. Jiménez-Mareno et al
(2009a,b) and Svihus (2011) further emphasized that
the beneficial effects of moderate fiber levels are
inked to improved digestibility through continuous
gizzard stimulation, enhanced small intestine activity,
and a positive impact on intestinal microbiota due to
the prebictic effects of fiber.

In this sense, Pushpakumara et al_ (2017 found that
including up to 15% palm kernel meal in broiler diets
improved feed efficiency and weight gain. Malhado
et al. (2022) reported no significant effects (p=0.05)
on weight gain, final weight, or feed efficiency when
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using barley residues in slow-growing broilers but
noted a linear increase (p<0.05) in feed intake with
higher barley levels. Similarly, Costa et al. (2018a)
obzerved improved weight and production efficiency
with tucuma meal inclusion, though levels above 25%
negatively affected these indices.

The high fiber content in many alternative feeds
derived from food processing residues can challenge
nutrient metabolism and growth performance (Rufing
atal, 2015; Cruz & Rufino, 2017 Livetal, 2018; Rufino
atal, 2021; Cho et al, 2024). However, residues from
guarana processing like GPEM may provide additional
benefits due to bicactive compounds with antioxidant,
antimicrobial, and stimulating properties, potentially
enhancing nutrient  utilization and  physiological
responses (Marques ef al, 2016, Yonekura el al,
2016; Cruz & Rufino, 2017).

According to the economic analysis on the
performance of slow-growing  broilers fed diets
containing GPEM (Table 5), no significant difference
(p=0.05) was observed among the treatments for the
breakeven point varable. Howewver, all other variables
were significantly affected by the inclusion of GPEM.

Table 5 - Economic analysis of the performance of slow-growing broilers fed diets containing increasing levels of guarana

peel meal'.
Guarana peel meal levels, %

Variables® ™ 35 pe 500 75 500 pvalue’ OV, % CoR’ M° R
PRE- I, RSk 309 i 314 ERT) in - -
PRE-FIM, fidikg 2.97 280 2391 284 287 - - - - -
PEl 169.81% 0483 454 0705 20840 =041 B1% 1.76 ¥ =1739 + 10.55%x - 07387 056
FC, RS 132950 13505 14161°  14486*  13500F 0.03 545 0.48 ¥ = 13128 + 3.562% — 02054 0l
FROMKG, kg el 23084 23BB* 24.60* 2618 =041 T3 0.9 Y = 1168 + 0.3408x 0Es
PLED, Ak SE S.bE* 293 259 24 0.03 .24 -0.58 T = 56826 + 0. 1431 % — 0L01957 073
PRODSM, kg/im? 513 sap san 615 BAD =041 123 0.9 ¥ =567 + 0.0852x 08
LM, Afime E XU € - CF |/ 103 (R 4% .03 5.45 0.48 ¥ = 52,823 + 088815 — 007357 |
REV R4 16044  BEIF  eiE 17220 1BF3 <041 T3 0.9 Yt = 15876 + 2.3856x 085
PRO, i ITage oy 2558 273ab S1EN .01 525 0.64 ¥ = 30.717 - 3.7603% + 055429 074
A 17134 18.80* 15.28% 15.68% 2755 0,03 4,56 .56 Y =18.79 - 2.0398x + 0275787 073
8E, kg 18.99 19.29 .13 10.69 19.39 0.51 2.45

'l data represert the average of 48 replicates (broders) per tretment. * FRE-IM = Price of initial diets. PRE-FIN = Price of firal diets. PH = Productve Eficency index; FC = Feed Loty PRODEG = Total
feat Producton (gl PCKG = Peoduction Cost pes kg PRODG = Meat Production per m# FCPEM = Production Cost per me; REY = Gross Arsenue; PR = Grows Profit; P = Peofitability indes; BE = Break-
ween point. * The means folmwed by lowercase letsers in the Ines differ wing 1he Tubey test (pB.05) not signficant = o008, * £ = Coeficent of wariztion. * COR = comelation coeffident between the

independent variabke (GFEM lewels) and the dependent varizbie
dependent variable.

In the wvariables of productive efficiency, total
production of chicken meat in kilograms, and meat
production per square meter, all broilers fed diets
cantaining GPEM showed better results, with a gradual
improvement in efficiency as the inclusion level of this
alternative product increased. These findings align
with results obtained by Costa et al. (20183, b), who
reported improved broiler productivity when including
increasing levels of tucuma residue flour in their diets.

1 JI:MM_ll ihe

atical model adjusted accmding %o the nfluence of the ndependent variable tGuarana peel meal leweds) on the

As mentioned above, the use of alternative foods
in broiler diets aften presents challenges related to the
balance between their composition and the effects on
bird productivity. Many of these feeds are by-products
of the food processing industry, often comprising peels
and seeds, which naturally contain high fiber levels
(Cruz & Rufino, 2017; Rufino et al., 2021). However,
depending on the specific feed used, its fiber content
may vary and can be outweighed by other nutrients
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of nutritional interest, such as proteins and soluble
carbohydrates, which  affect feed efficiency and,
consequently, productivity (Rufino et al., 2021, Rufino
etal, 2023).

These results of productive indexes directly influence
economic variables, such as feed cost, production
cost per kilogram, and production cost per square
meter, which were higher in several treatments that
included GPEM. According to Rufino et al. (2015),
higher inclusion levels of alternative foods can result
in fluctuations in the production volume required to
cover feed costs, affecting production costs either
by increasing them, as seen in this study, or lowering
them as compensation for using cheaper ingredients.

Feed cost represents a significant component of
production expenses, and the use of agricultural
residues in diets can impact these costs by replacing
ar reducing conventional ingredients (Mogueira et al,
2014; Cruz & Rufino, 2017} Economic analyses of
alternative foods for poultry show that factors such as
procurement logistics, production volurme, and price
fluctuations are crucial in deciding whether to use
alternative ingredients (Silva et &/, 2009; Rufino et &/,
2015 Melo et al., 2017; Costa et al., 2018a,b; Batalha
et al., 2019). These parameters confirm the economic
viability of alternative feeds, which is closely tied to
performance results (Pelizer et al.,, 2007; Costa et al,
2009).

Intermsof grossincome, gross profit, and profitability
index, higher inclusion levels of GPEM yielded better
results, dermonstrating a positive economic impact.
Despite  apparent increases in production  costs,
productivity improvements elffectively compensated
for these, leading to favorable economic outcomes.
According to Furtade et al. (2011), Rufing et al
2015), Cruz & Rufino (2017), and Brelaz et al. (2021),
ncluding alternative foods in poultry diets can offer
positive effects by utilizing regional agro-industrial
by-products  unsuitable for human  consumption,
reducing production costs without compromising bird
performance, or enhancing productivity to offset costs.
These impacts are especially significant for small and
medium-scale poultry operations.

Conducting an economic and financial feasibility
analysis of investments is essential, as it estimates and
analyzes financial performance perspectives based
on production outcomes (Rufino et al, 2018). If
alternative feads fail to achieve comparable productive
and economic results to conventional feeds, they must
be excluded from feed formulations or reconsidered
for use under different conditions (Rufino et al, 2015).

4
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According to Cruz & Rufine (2017), an alternative
feed must meet four essential criteria to validate its
use in animal production diets: (1) Proven biological
composition with potential for use without anti-
nutritional factors; (2) Accessible logistics, sufficient
production volume, and yearround availability;, (3)
Cost similar to or lower than conventional feeds; and
(4] A positive impact on productivity, comparable to
ar exceeding that of conventional diets. These criteria
ensure effective technical decisions regarding the use
of alternative feeds in poultry diets (Melo et al, 2017;
Rufino et al., 2021; Rufino et al., 2023).

Experiment 2

The growth performance analysis (Table &) of slow-
growing broilers in the starter stage showed that
increasing GPUNM levels significantly (p<0.05}influenced
feed intake and weight gain, with 7.5% GPUM
inclusion yielding higher results for these parameters,
Regarding feed efficiency, GPUM inclusion had a
positive effect, as all slow-growing broilers fed diets
containing GPUM demonstrated better feed efficiency
than those fed the basal diet, with 5% GPUN inclusion
providing the best results for feed efficiency. Similarly,
in the final stage, slow-growing broilers fed diets with
7.5% GPUM inclusion exhibited higher {p<0.05) feed
intake. However, in this stage, brailers fed diets with
2.5% GPUM inclusion achieved better feed efficiency.
Curmulatively, all slow-growing broilers fed  diets

/ containing GPUM showed higher (p<0.05) feed intake

and weight gain compared to those fed the basal
diet, with 7.5% inclusion providing optimal results.
Feed efficiency during this pericd exhibited significant
(p=0.05) improverment up to 7.5% inclusion, beyond
which no further improvements were observed.

When comparing the results of experiment 2 (GPLIM)
with those obtained in experiment 1 {GPEM), it stands
out that GPUM promoted higher feed intake across all
stages, especially at the 7.5% inclusion level, whereas
GPEM showed a reduction in consumption during
the final stage. This reduction may be associated with
the higher fiber content, which, although potentially
limiting intake, stimulates gizzard function and
enhances nutrient digestibility (Sacranie et al., 2012;
liménez-Moreno ef al., 2019; Santas et al., 2024). In
terms of weight gain, both guarana by-products had
positive impacts, but the effect of GPEM was linear and
more pronounced at higher inclusion levels (10 %), while
GPUM showed optimal results at 7.5%, suggesting
that its nutritional profile effectively supports growth
at moderate inclusion levels. Regarding feed efficiency,
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GPEM showed significant improvements across all
stages, with the best cumulative performance at 10%
inclusion, whereas GPUM achieved peak efficiency at
moderate inclusion levels (59%-7.5%).

These observed differences can be  primarily
attributed to the fiber profile of each by-product. The
higher fiber content in GPEM may hawve stimulated
increased gizzard activity, promoting more efficient
digestibility and consequently better feed efficiency,
as reported in studies highlighting the benefits of
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moderate fiber levels in poultry diets (Sacranie et al,
2012: Abdollahi et al, 2019; Jliménez-Moreno et al,
2019; Santos et al,, 2024). In contrast, GPUM, with its
lower fiber content and higher metabolizable energy
{2,828.56 kcalkg for GPUM wersus 2,258.64 kecalf
kg for GPEM), favored more consistent feed intake
and higher weight gains, which aligns with findings
from other studies using agricultural by-products with
moderate fiber levels (Jiménez-hMoreno et al, 2009;
Costa ef al., 2018b; Oliveira, 2018, Rufino et al., 2024).

Table & - Growth perfarmance of slow-growing brodlers fed diets containing increasing levels of guarana pulp meal'.

Guarana peel meal levels, %

Slage Variakles? T 35 500 75 000 p-value’  OF % COR® MM R?
A 1.3 1.61¢ 152" 153" 1.50° (.04 10,72 0.47 ¥ = 1.3061 + 0.087 1% — 00066 (E:]
Starter WG 0.5 075 0.78® -y 074" <001 531 160 ¥ =0.5151 +0.0963% — 0.0074x 095
FE ZB1* 1.99* 1.94% 1.0 102 <0.01 1493 -053 ¥ = 25446 — 0.HI5 7% + 0.0159xF CLBT
K 2.3k 295t ER [ 108" oM <001 517 .59 Y = 2.B0BE + 0.0903% — 00065 0.93
Final ] 1.13 1.1 1.9 119 1.05 010 834 - - -
FE 249 145 158 1.85° 2800 002 862 0.65 ¥ = 2412 + 0.0408x .62
A 4.1F 446 463" 480" 458" <001 644 a57 ¥ =4.0123 +0.1798: - 00133 095
General WG .64 1.98° 1.98* 1m* 1.80F <001 947 .30 ¥ = 1654 + 01348 — 00120 095
FE 2.5 1.1F 233" 1.38° 153" <001 567 .13 ¥ = 2,376 +{0.29%08% — 00488 ek

! 8l darta represect the swerage of 48 seplicates (heoiers] per teaiment. © Fl = Feed intabe Jinfird). G = Weight gain (ugibind]. FE = Feed eficiency [kgikn]. * The means followed by lowerzse betters in the
lines: differ using the Tukey test 4o=c0L05). not significant = pelL05, ¥ CY = Coeticient of variation, * COR, = conelation coeffident between fhe independent variable (GFUM levels] and the dependent variable
anakred * MW = Mathematical model adjusted acreding i the influence of the indeperdemt warizhle {Guarana pulp meal levek) on the dependent variable.

These results reinforce important insights reported in
the literature, which suggest that the impact of fiber in
poultry diets depends not anly an its guantity, but also
on its compaosition and interaction with other nutrients
(Sanchez ef al,, 2021; Tejeda & Kim, 2021; Santos
et al., 2024). Previous studies indicate that insoluble
fibers, such as those in GPEM, may be more effective
at stimulating gastrointestinal maotility and improving
digestibility in slow-growing brailers, whereas soluble
fibers, present in smaller proportions in GPUM, tend
to have a lesser effect on gastrointestinal function
iMateos el al., 2012; Sanchez et al, 2021; Tejeda &
Kim, 2021; Machado et al., 20221,

Thus, the curmulative effects observed in both
experiments underscore the importance of energy
balance and nutrient profile when choosing a guarana
by-product for the diet of slow-growing broilers.
Owerall, while GPEM demanstrated a greater ahility to
sustain performance throughout the production cycle,
GPUM exhibited superior performance during the early
and intermediate stages. This difference could hawve
significant practical implications depending on the
production system’s chjectives. In systems prioritizing
feed efficiency and cost reduction, GPEM emerges as
a more advantagecus choice (Willems et al, 2013;
dampigaetal, 2021). Conversely, GPUM rmay be better
suited for systems aiming to maximize feed intake and

welght gain during critical growth periods, particularly
in nutritional strategies focused on accelerating initial
growth (Willerns ef al., 2013; Prakash et af, 2020;
Zampiga et al., 2021).

In the results of the economic analysis (Table 7), all
variables evaluated in experiment 2 were statistically
significant (p<0.05). Owverall, the economic results
from experiment 2 showed interesting differences
compared to those observed in experiment 1,
reflecting the distinet nutritional characteristics of the
guarana by-products evaluated. Increasing levels of
GPUM inclusion resulted in a proportional rise in feed
cost, reaching the highest value at the 7.5% inclusion
level. This was also reflected in the cost per kilograrm of
meat produced, which significantly increased at higher
inclusion levels. These results contrast with those of
experiment 1, where GPEM demonstrated greater
stability in preduction costs, even at higher inclusion
levels, As mentioned above, this difference can be
partly attributed to the positive effects of GPEM'S
inseluble fibers, which optimized digestibility and
offset costs through superior feed efficiency (Sacranie
af al., 2012; Abdollaki et al, 2019; Jiménez-Moreno
ef al, 2019).

In terms of meat production and gross revenue,
both by-products showed positive gains compared
to the control, but with distinct patterns. GPURM
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nclusion led to higher meat production and gross
revenue at intermediate levels, from 2.5% to 7.5%,
reflecting its higher soluble carbohydrate content
and metabolizable energy, which favored short-term
productive performance {(liménez-Moreno et al., 2009;
Costa etal., 2018hb; Oliveira, 2018; Rufino ef al, 2024).
In contrast, GPEM exhibited consistent increases in
meat production and revenue across all inclusion levels.

Gross profit and profitability index indicators also
highlighted important economic differences between
the two by-products. GPUM showed better economic
performance at intermediate levels, but its viability
was compromised at extreme levels, particularly at
10% inclusion, where additional costs were not offsat
by increased production. This contrasts sharply with
GFEM results, which maintained consistent economic
outcomes across the entire range of inclusion levels,
with the best results obsarved at 10%. This reflacts
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GPEM'S  ability to sustain stable productive  and
economic performance throughout the production
cycle.

In general, the key point in the contrast ohserved
in the economic results of both experiments lies in the
relationship between the nutritional profiles and the
economic costs of the products and their productive
responses. Although the higher fiber content of
GPEM rmay limit feed intake at certain times, it also
pramaotes more efficient nutrient utilization, offsetting
the additional costs associated with diet formulation
{Mateos et al, 2002; Melo et af, 2017 Lusk ef &/,
2019). Conversely, GPUM, with its lower fiber content
and higher energy density, is more sensitive to higher
inclusion levels, as energy saturation can lead to
reduced feed efficiency, directly affecting economic
wiahility (Sacranie et al,, 2012; Oliveira, 20158; Abdollahi
ef al, 2019).

Table 7 - Economic analysis of the performance of slow-growing broilers fed diets containing guarana pulp meal.’

Guarana peel meal levels, %

Variables® 00 35 &0 75 30.00 povalue® W, % Con® ALY R
FRE-II, Rk 3,16 N 30 3,24 3,25 - - -
PRE-FIN, Rk 3,04 308 3,08 310 312 - . . -
PH 186,558 21401 18738 1840 164.63 0.0z 12.12 47 ¥ =192 + 5.1206x — D.E806% 072
RS 153,965 1BT.25%  174E0Y  1BZE4*  173E% <00 .06 0.66 ¥ = 15317 + 720945 — 0.502 7’ 0.95
PRODKG, kg 19.90°F 1359 13.85" 1.2 11.65° =001 9.42 0.30 ¥ = 19.856 + 164525 — 014640 095
PLRG, Akg 1Bz 708 1.3 156" g4 =01 ELE 0.19 ¥ = 7.7386 - 0.3421x + 002748 0E?
PROOSM, kg'm? 4.42¢ 31 594" BU05" 5.41% <041 9.42 0.30 ¥ = 4.9609 +0.4113x - 003667 045
PPSM, REim? IBAF d1EIE d3ERE 45 PD0 didanm <1 T.0E .66 ¥ = 38794 + 1.806x - 0L1 2568 095
REY, k% 16278 188.76*  1908F 19378 173200 .01 912 Q.22 Y = 163.52 + 11.574x — 10539 096
PRI, RE LT PRI/ 1) L X .48 0.0% 551 -39 ¥ = 10338 + 4.343x - 055007 091
A 492 11.38* B.4h" 5.4 .57 0.02 975 042 Y = 57386 + 21895 — 0.2865:" 042
BE, ko 19245 wert e 2185 e =01 .06 0.66 ¥ = 19142 + 0.903x - 006278 095

' Al data represent fhe avesage of 48 replicates (broders) per wreaiment * FRE-IKI = Price of intidl diets. PRE-AN = Frice of firal diets. PE = Froductve Eficency Index; FC = Feed (ot PRODKG = Tota
Pdeat Production (lgi; PCKG = Productinn Cost per kg PRODAC) = Meat Production per m? PCPSM = Production Cost per n; REY = Gross Arsenue; PO = Gros Profit; M = Pecfitabifity inde; BE = Break-
maen paint. * The means fol reed by bowssrcase letters in the Iines differ wsing the Tukey test (o 051 not sionfficant = poell05. ¥ W = Coefficent of wnation. * OO0 = comelation coeffident bebween the
independent variable (GPUM levels) and the dependent vanable analeed. * MM = Mathematical model adusied aomding to the influence of the independemt variable (Guarana puly meal lewels) on the
dependent variahle.

Additionally, the difference in profitability results
also reflects the composition of the by-products.
GPUM, with a lower protein content (12.27%) and
mineral content (1.071%), lacks some structural benefits
provided by GPEM, such as greater metabolic stability
and support for intestinal microbiota development
(imeénez-hMoreno et al, 2019; Sanchez af al, 2021;
Tejeda & Kim, 2021} This may explain why GPUM'S
profitability is more alfected at extreme inclusion
levels, while GPEN maintains positive results due to
the broader support provided by its nutritional profile.
It is also important to highlight that both options
contribute to a more sustazinable approach to poultry
production, promoting the use of agro-industrial
residues and potentially reducing indirect costs (Rufine

efal, 2015; Costa et al, 2018b; Batalha et al,, 2019;
Brelaz et al., 2019).

CONCLUSION

he inclusion of guarana by-products (GPEM and
GPUMY in diets for slow-growing broilers has proven to
be a viable alternative to enhance growth performance
and ecanomic feasibility, promoting the sustainable use
of agro-industrial residues. GPEM, despite its higher
fiber content, delivered better results in feed efficiency
and weight gain at higher inclusion levels (up to 10%),
while GPUM was more efficient at intermediate levels
{7.5%:). Both by-products contributed to greater meat
production and economic returns compared to the
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basal diet, with positive impacts varying according to
inclusion levels. The results highlight the importance of
considering the specific goals of the production system
when selecting the most suitable by-product. The use
aof GPEM is recommended for systems prioritizing feed
efficiency and cost-effectiveness, while GPUNM appears
to be more appropriate for phases that reguire higher
energy intake and weight gain.
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The production of slow-growing broilers in alternative systems
represents only 3% of the Brazilian poultry market, with great growth
potential (Del Castilho et al, 2013; Albino et al., 2014). This is not a large-
scale practice (Almeida et al,, 2013), being closely linked to family farming
due to the low required investment, simple management, use of family labor,
generation of supplemental income, and the provision of high-quality protein
at a low cost (Cruz et al,, 2013).

In this context, family farming plays an essential role in food security by
preserving traditional knowledge in food production and managing natural
resources sustainably. Furthermore, this production model fosters the local
economy (FAOD, 2014) and contributes to retaining the population in rural
areas (Cruz et al,, 2013). It generates income for small producers, provides
inputs for other crops, utilizes waste from agricultural crops, fruits, and
vegetables, and serves consumers who value the origin of the products they
consume (Cielo et al,, 2019).

The main advantages of this system include easy management and low
need for advanced technologies. However, it is crucial that producers adopt
basic practices, from animal welfare to food safety, at the end of the chain
(Santos et al, 2020). In Brazil, alternative systems of poultry farming began
with the regulation of caipira poultry farming through Circular Letter No.
007 /99 from the Division of Industrial Operations of the Department of
Inspection of Animal-Origin Products, Ministry of Agriculture and Supply
(Brazil, 1999).

In these alternative production models, the operation can be either
intensive or extensive, without limitations regarding the breeds used
(Chagas, 2010). It is divided into two main categories: "backyard free-range”
characterized by extensive and minimally technician farming, aimed at self-
consumption, with low productivity, lack of reproductive control, and entirely
farm-based production cycles, and "commercial free-range”, which involves
semi-intensive farming with greater specialization and technification, using
improved breeds for higher productivity in these systems, with a focus on
medium-scale commercialization (Albuquerque; Reis, 2022).

Brief history of domestic poultry

Archaeological studies show that the first domestic poultry (Gallus
gallus domesticus) appeared in Asia, specifically in China, around 5,400
B.C. (Hirst, 2019). The domestication of these birds began around 3,200

12 Universidade Federal do Amazaonas (JFAM].
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B.C., with two main purposes: for ornamentation and cockfighting. Birds
that did not meet these uses were slaughtered for consumption. In the 16th
century, cockfighting became popular in Europe, and breeders became very
demanding regarding the strength and aggressiveness of the birds. With the
banning of cockfighting in the 19th century, Europeans sought new ways to
value these birds, leading to exhibitions that awarded the most attractive
birds in terms of plumage, size, and the shape of combs and wattles. This
period marked the beginning of the interest in exploiting these birds and,
eventually, the development of poultry production (Gessulli, 1999).

Redneck birds, originating from various parts of the world, were
introduced to Brazil during the period of discovery (Embrapa, 2007).
These birds were raised freely around houses and fed primarily on food
scraps and insects (Barbosa et al., 2007; Chagas, 2010). For centuries, these
birds played a significant role in Brazilian rural culture, accompanying
the evolution of the Brazilian population (Tavares; Ribeiro, 2007; Santana
et al.,, 2020).

Genetically, domestic poultry originated from four distinct genealogical
branches: American, Mediterranean, English, and Asian (Englert, 1998).
They descend from up to four main species of wild fowl (Jungle Fowl): Gallus
sonnerati (Grey Jungle Fowl), Gallus gallus (Red Jungle Fowl), Gallus lafayettei
(Ceylon Jungle Fowl), and Gallus varius (Green Jungle Fowl) (Moiseyeva
et al,, 2003).

Phylogenetic research indicates that the Red Jungle Fowl, originating
from Southeast Asia, appears to be the closest ancestral species to modern
poultry (Tixier-Boichard et al., 2011). Through various crosshreeding,
including inbreeding, current poultry maintain similarities with the
main ancestral breeds, reflected in their plumage, build and abilities
(Barbosa, 2007).

In Brazil, native poultry breeds are limited to small groups in backyard
farms. This scenario is primarily the result of the replacement of these breeds
by specialized industrial breeds, which occurred during the expansion of
industrial poultry farming in the country, especially from the 1970s onwards
(Moiseyeva etal, 2003; Barbosa et al., 2007; Tavares; Ribeiro, 2007). Redneck
breeds are known for their slow growth, being slaughtered at around two to
six months, and when directed for laying, producing about 180 eggs per cycle
(Figueiredo et al., 2008). They also stand out for their high adaptability to
different regions and climates of Brazil and being less susceptible to diseases
(Carvalho et al,, 2020).
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Main breeds or strains

Before addressing the main redneck breeds or strains, it is essential to
clarify the difference between breeds and strains, with strains referring to the
result of crossbreeding between two breeds or varieties. Redneck strains are
known for their hardiness and for having higher productivity rates compared
to traditional redneck breeds. However, they grow slower than commercial
strains (Figueiredo et al., 2008). On the other hand, redneck breeds were
developed to better adapt to redneck rearing systems, aiming to increase
production and offer consumers products with specific characteristics in
terms of taste and meat quality (Galvao Junior et al,, 2010).

For an entrepreneur in the poultry sector, the main concern when
starting the business is to choose the breed or strain that best suits
the type of poultry farming they wish to implement. This choice is not
simple, as there are many options, each with its own advantages and
disadvantages. The decision should consider the available infrastructure,
financial resources, available labor, the type of marketing of products
and by-products, and, eventually, the option of subsistence farming
(Embrapa, 2007).

The main redneck or colonial breeds, as described by Cavalcanti
(2019), are:

« Gigante Negro de Jersey (Jersey Black Giant)

The breed developed in New Jersey around
the 1800s was created to meet the high
demand for heavy chickens for broiler
production destined for the New York market.
There are two varieties of this breed, black
and white, which are primarily used for meat.

These birds are large, have a serrated comb
and yellow skin, and produce brown-shelled
eggs. The meat tends to have dark
pigmentation due to the pigments in the legs that spread to the meat. The
plumage is black, and the skin is vellow, with dual-purpose suitability for
meat and eggs. It is the heaviest American breed, but it has some
depreciation due to the dark pigmentation in the skin. Adult males weigh
an average of 5.902 kg, and females 4.540 kg. The hens produce about
180 eggs in the first laying cycle, with an average weight of 60g.
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. Rhode Island Red

Originating from the United States, the Rhode
Island Red is a medium-sized breed producing
meat and eggs. These birds have bright red
plumage, a wide, long, deep body, and
a medium-sized serrated comb. The body is
robust, with brown plumage and black
feathers on the tail, neck, and wings. Recently,
this variety has been widely used to produce
sexable hybrids based on color. The presence
of a white or light spot on the wings of male chicks and its absence in
female chicks allows for the identification of sexes with an accuracy rate
of 80-90% right after hatching. Additionally, by crossing a rooster of this
breed (genetically “gold” or non-barred) with hens that are genetically
“silver” or barred, it is possible to distinguish the sex of the chicks by the
color of their down. Many commercial laying hybrids result from
crossbreeding between Rhode Island Red and Barred Plymouth Rock,
producing many brown-shelled eggs.

« New Hampshire

The New Hampshire breed, also of American
origin, is known for its hardiness and light
brown plumage. This breed, which has yellow
skin and produces brown-shelled eggs, was
initially bred for broiler production but was
later used in crossbreeding with other meat
breeds. Currently, few breeders are still
focused on this breed. New Hampshire played
an important role in developing modern
broiler hybrids due to its ability to produce many eggs with a high hatch
rate. Similar to Rhode Island Red, the presence of a white or light spot
on the wings of male chicks and its absence in females allows for sex
identification with 80-90% accuracy right after hatching. When fully
grown, males weigh an average of 3.632 kg and females 2.951 kg. The
hens produce an average of 220 eggs in the first laying cycle,
weighing 55g.
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Plymouth Rock Barred

The birds of this variety have feathers with
white and black crossbars, giving them a gray
appearance. The barred gene, which is
sex-linked, influences the dosage of melanin,
resulting in visual differences between males
and females. Additionally, the black
pigmentation on the females' toes ends
abruptly, leaving the tip of each toe yellow. In
contrast, the males have more irregular white
spots on their heads and a less contrasting transition in the black color
of their feet. These color pattern differences between the sexes vary
among the breed’s lines, requiring adjustments for accurate chick sexing.
With the growing preference for white-shelled eggs, the popularity of this
breed has declined. It is currently more commonly used as a female line
in crossbreeding with Rhode Island Red roosters to produce autosexing
chicks that, when grown, produce brown-shelled eggs. This type of
crossbreeding has increased the breed’s popularity.

Sussex

Sussex is an English breed predominantly dual-
purpose. It has a serrated comb, white skin,
and brown-shelled eggs. The varieties include
speckled, red, and white (light), with Light
Sussex being the most popular. This breed is
a good meat producer. In some European
countries, white-skinned chickens are
preferred. When fully grown, males weigh an
average of 4.086 kg and females 3.178 kg. The
hens produce an average of 180 eggs in the first laying cycle, weighing 55g.

Orpington

Developed in England in the 1880s, the Orpington breed serves dual
purposes (meat and eggs). It comes in black, yellow, white and blue
varieties. These birds have a serrated comb, white skin, and brown-shelled
eggs. When fully grown, males weigh an average of 4.540 kg and females
3.632 kg. The hens produce an average of 160 brown-shelled eggs, with
an average weight of 55g.
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. Cornish

The Cornish is an English meat breed with red, black, yellow and white
varieties. It has a pea comb and yellow skin and produces brown-shelled
eggs. It has a body structure different from other breeds, with shorter
legs and a muscular chest. The meat production capabilities are highly
valued in this breed, and it is commonly used in crossbreeding with hens
of breeds such as Plymouth Rock Barred, Plymouth Rock White, New
Hampshire, and hybrid lines. However, it produces few eggs, which are
small in size and have low hatchability. When fully grown, males weigh an
average of 4.086 kg and females 3.178 kg. The hens produce an average
of 80 eggs in the first laying cycle, weighing 50g.

For the production of redneck broilers, the following lines are available
on the market:

»  Caipira Pescog¢o Pelado (Naked neck redneck)

This strain consists of hardy, easy-to-manage
birds with red plumage and bare necks. The
colors of the birds can vary between red,
white, black, or brindle. They are ready for
slaughter between 60 and 70 days of age, and
the hens reach sexual maturity between 22
and 25 weeks, producing about 150 to 180
eggs per year. The egg production is relatively
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low, indicating that this line mainly focuses on meat production. Desired
targets: weight of 1.90 kg at 63 days of age, with a feed consumption

of 4.42 kg.

« Caipira Pesadao (Heavy redneck)

weights exceeding 4 kg.

A rustic bird with red plumage and black tail
feathers. It has proven productive efficiency
and is well-received for sale at local markets.
It offers excellent feed conversion and great
meat yield after slaughter. The line is known
for its good cut yield and weight gain, reaching
up to 2.4 kg in around 56-68 days. It has good
acceptability, adaptability to environmental
conditions, and hardiness. Birds can achieve

« Caipira Pesaddo Misto Label Rouge (Mixed Label Rouge

heavy redneck)

game meat.

This slow-growing bird is raised exclusively
for slaughter, which can occur at 49 days with
a weight of 2.00 kg, or at 63 days with
a weight of 2.76 kg, consuming 4.10 kg and
6.46 kg of feed, respectively. Fed with
balanced feed for broilers and raised
outdoors, this line maintains the traditional
characteristics of redneck chicken, producing
firm and flavorful meat similar to the taste of

» Caipira Pesadao Paraiso Pedrés (Paraiso Pedrés heavy caipira)

Developed through crossbreeding various rustic
breeds, this bird can reach 2.00 kg in 50 days
or 2.35 kg in 56 days, consuming 4.28 kg and
5.43 kg of feed, respectively.
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»  Caipira Colonial EMBRAPA 041 (EMBRAPA 041 colonial redneck)

These yellow-colored birds are produced from
crossbreeding dual-purpose [mixed) breeds. They
can be slaughtered at 2.055 kg at 77 days or 2.445 kg
at 91 days, consuming 6.202 kg and 7.89 kg of
feed, respectively.

Production systems

According to Melo and Voltolini (2019}, the rearing systems for these
birds include intensive, free-range (or extensive), and semi-extensive
(partially free-range or part of the rearing cycle). The region’s extensive
and semi-extensive systems are the most commonly used for rearing adapted
chickens. In the intensive system, the birds are kept in total confinement
in closed barns, which is more typical of other regions and larger-scale
productions, making it financially unfeasible for family farmers, especially due
to local climatic conditions. In family farming, extensive and semi-extensive
systems are preferred, where various materials can be used for building
fences and poultry facilities, as long as they meet the minimum requirements
for proper rearing of the birds.

In Brazil, the legislation for alternative poultry production, free-range,
capoeira, or colonial production, is based on Normative Instruction No.
007, dated May 17, 1999 [Brasil 1999), which guides producers who wish
to regulate alternative poultry production. According to this norm, some
measures must be followed: the producer should not use animal-derived
ingredients in the feed, the stocking density should be 7 birds/m?® in the
covered area and at least 1m* for 4 or 5 birds in the pasture area. Additionally,
the birds must stay in the rearing environment for at least 85 days before
slaughter. Organic poultry production must follow Law No. 10.831, published
in December 2003, regulated by Decree No. 6.323 of December 27, 2007
(Brasil, 2007).

Within the free-range style poultry rearing systems, we can find the
following designations:
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Green chicken system: The term "green chicken” generally refers
to chickens raised sustainably and ecologically, with an emphasis
on animal welfare and environmentally responsible production.
These chickens are fed with antibiotic-free and hormone-free feed,
often raised outdoors, which allows for more natural and healthy
growth. The goal is to offer a high-quality product with better taste
and nutritional value while minimizing environmental impact and
promoting more sustainable agricultural practices. Green chicken is
an increasingly popular choice among consumers concerned with
health and sustainability.

Free-range system: The free-range or colonial poultry rearing
system is a traditional method that favors rearing in conditions
closer to the natural environment. The birds are kept free-range,
with access to pasture and natural foods such as insects and grains,
supplemented by balanced feed. This system is characterized
by simpler and less intensive management, allowing the birds
to exhibit natural behaviors, contributing to animal welfare.
The result is meat with a distinctive flavor, appreciated texture,
and quality, and it is a practice that values local culture and
sustainability, often associated with organic production and
environmental respect.

Organic system: In the organic production system, the use
of antibiotics and growth promoters is prohibited. The diet
consists exclusively of grains and vegetables grown organically,
meaning without the use of chemical pesticides and fertilizers.
For commercialization, the products must have certification
from the Ministry of Agriculture, Livestock, and Supply (Mapa)
and accreditation from the National Institute of Metrology,
Standardization, and Industrial Quality ([nmetro), ensuring that
the production process follows organic production standards
[Mapa, 2008). To obtain certification, producers must hire
a certifying agency approved by Mapa and accredited by Inmetro,
characterizing the Certification by Audit System.

There are two more accessible ways for small producers to obtain

organic certification:
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a)

b)

Participatory Guarantee System [(5PG): This system involves
collective production, where groups or associations register with
MAPA and commit to producing organically, with commercialization
restricted to fairs.

Social Control of Direct Sales: Aimed at family farming, where
certification is not mandatory if the producer is associated with
a social organization registered with an official inspection body.

General management

To practice poultry farming (Figure 1), the producer needs to invest in
appropriate infrastructure to facilitate chicken rearing. According to Barbosa
et al. (2007), Chagas (2010), and Raimundo et al. (2018), this involves:

a)

b)

Facilities: When birds are kept free-range, various problems
may arise, but proper facilities can mitigate them. With them,
the producer can better control hygiene and sanitation, prevent
diseases, protect the birds from predators, and ensure good egg
production, all essential factors for successful rearing.

Site selection: It is recommended that the chicken coop be
built close to the producer’s house. The site should be dry, well-
ventilated, and with minimal slope to avoid water puddles. It is
important for the area to have vegetation, such as brushwood, and
preferably trees for shading. This vegetation will be a favorable
habitat for insects and worms, which will serve as a supplementary
protein source for the birds. The ideal orientation for the poultry
house is east-west. This way, the sun crosses the building through
the highest part of the roof, avoiding an increase in internal
temperature during the warmer periods of the year.

Fencing: To better control the flock, a fence around the chicken
coop, with the area depending on the number of birds, is necessary.
Inside the fenced area, there should be space for fruit trees or
other trees that provide shade and bird protection. Ideally, there
should be two separate pens to allow rotation of the birds, facilitate
management and periodic cleaning of the unused coop, and allow
vegetation to rest.
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Figure 1 - Correct orientation for constructing the
poultry house in a fenced environment.

d) Perches: Perches, where the birds sleep, should be built securely
and without risks of injuring the birds’ feet, preferably at the back
of the coop, which is more isolated. Perch rows should be spaced
about 40 cm apart. The height of the perches can vary between 40
and 60 cm from the floor, with a width of 5 cm and a height of 2 cm.

e) Nests: Itis recommended that nests be made of wood and measure
30 cm in width, height, and depth. They should be placed on wooden
stands 50 cm above the floor, with a perch 10 cm from the nest
entrance to facilitate bird access. Each nest should accommodate
a maximum of four hens and be located in the darker parts of
the coop to prevent the birds from staying in the nest when not
laying eggs.

f) Nest bedding: Corn straw, wood shavings, or dry grass can be
used to cover the nests as long as proper hygiene and sanitation
are maintained.
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g)

h)

Feeders: Feeders can be made from galvanized sheet metal or
PVC pipes four to six inches in diameter, cut longitudinally with
end barriers. Alternatively, they can be made from wood, with
dimensions of 10 cm in height and 15 cm in width.

Drinkers: Drinkers can be made like the feeders, using galvanized
sheet metal or PVC pipes four to six inches in diameter, cut
longitudinally with end barriers. Any other waterproof material
can also be used.

Feeding: The feed should be balanced to meet the birds’
nutritional needs. Other types of food can be replaced, depending
on the property’s availability. It is crucial to follow each step of
the poultry management process in family farms to ensure good
control of growth and health in the coop, thus achieving the
desired results.
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