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RESUMO
Dissertacdo de Mestrado
Programa de Pds-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

EXTRATO DE FOLHAS DE ARACA (Psidium cattleianum SABINE) COMO )
ADITIVO NA RACAO DE GALINHAS POEDEIRAS: IMPACTOS SOBRE A SAUDE
E QUALIDADE DOS OVOS.

Autor: Ariane Fortes Alfredo dos Santos
Orientador: Diovani Paiano
Coorientador: Aleksandro S. da Silva
Chapeco, 04 de fevereiro de 2020
As galinhas poedeiras necessitam de aporte nutricional adequado para desempenhar seu
maximo potencial zootécnico e produzirem ovos com maior qualidade. Aditivos herbais podem
ser uma alternativa para melhorar a salde e maximizar a producéo e a qualidade dos ovos. As
plantas da familia Myrtaceae sdo amplamente utilizadas como suplementos nutricionais por
apresentarem propriedades farmacoldgicas, como antioxidantes e antimicrobianas. O
aracazeiro, cujo fruto é o aracé, pertencente a referida familia, € uma espécie nativa do Brasil,
e tanto a fruta como suas partes foliares apresentam grande quantidade de compostos fenolicos
que podem exercer efeitos positivos na saude de galinhas poedeiras, e consequentemente,
melhora na qualidade dos ovos. Portanto, o objetivo com a realizacdo deste estudo foi avaliar
os efeitos da inclusdo de extrato de folhas de araca na dieta de galinhas poedeiras sobre o
desempenho produtivo, imunidade, variaveis bioquimicas e qualidade de ovos. O experimento
foi realizado em um galpdo experimental no campus UDESC QOeste, com 60 galinhas poedeiras
(Isa Brown) com 45 semanas de idade. As aves foram aleatoriamente alocadas em cinco
tratamentos com quatro unidades experimentais de trés aves. Foi utilizado um delineamento
inteiramente ao acaso com cinco tratamentos (0,0; 0,05; 0,10; 0,15 e 0,20 g/kg extrato de folha
de aracd). Ao final do periodo experimental foram calculadas a producdo e a conversao
alimentar. As coletas de sangue foram realizadas no primeiro e no ultimo dia do experimento
para avaliar leucdcitos, varidveis bioquimicas e niveis séricos de oxidantes e antioxidantes.
Ovos foram coletados no 28° dia do experimento para andlises fisico-quimicas e status
oxidantes (ovos frescos e estocados por 4 semanas a 23°C). A inclusdo do extrato de folhas de
araca ndo afetou o desempenho zootécnico das aves. A adicdo de niveis crescentes de extrato
de folhas de aracgé ao final dos 28 dias de tratamento reduziu linearmente as concentracfes de
heterofilo, eosindfilo, atividade da peroxidacéo lipidica (LPO) serica, contagem bacteriana total

em fezes e em cascas, E. coli em cascas e pH do albumen de ovos armazenados por quatro



semanas. A gravidade especifica de ovos armazenados e a capacidade antioxidante total
(ACAP) de ovos frescos e armazenados aumentou linearmente. O modelo quadratico com ponto
de minimo teve o melhor ajuste para os valores observados dos leucdcitos, linfécitos e LPO de
ovos armazenados com pontos de inflexdo de 0,191, 0,197; e 0,130 g/kg, respectivamente, € 0
modelo quadratico com ponto de maximo ajustou melhor as médias da glutationa S-transferase
(GST) com ponto de inflex&o e 0,13 g/kg. A suplementacdo com extrato de folhas de araca para
aves poedeiras por um periodo de 28 dias ndo afetou o desempenho zootécnico, mas apresentou
efeitos positivos sobre a resposta antiinflamatéria celular, antioxidante e na contagem
bacteriana fecal. Os efeitos da administracdo do extrato das folhas de araca na alimentagéo de
galinhas poedeiras foram benéficos a salde das aves, melhorou a qualidade dos ovos, com
destague para a menor contaminacao bacteriana da casca e maior estabilidade interna dos ovos

armazenados.

Palavras-chave: Atividade antibacteriana; Atividade antioxidante; Extrato vegetal; Fitogénico.
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Master's Dissertation
Programa de Pds-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

ADDITION OF ARACA LEAF EXTRACT (Psidium cattleianum SABINE) IN THE
DIET OF LAYING HENS: IMPACTS ON BIRD HEALTH AND EGG QUALITY

Author: Ariane Fortes Alfredo dos Santos
Advisor: Diovani Paiano
Chapecd, 04 de fevereiro de 2020

Layers require adequate nutritional input to perform their maximum zootechnical potential and
produce eggs with higher quality. Phytotherapy additives can be an alternative to improve
health and maximize production and egg quality. Myrtaceae family plants are widely used as
nutritional supplements because they have pharmacological properties such as antioxidants and
antimicrobials. The aragazeiro, whose fruit is araca, belonging to the family, is a native fruit of
Brazil, both fruit and its leaf parts have a large amount of phenolic compounds that can have
positive effects on the health of layers, and consequently, improvement in egg quality.
Therefore, the objective of this study was to evaluate the effects of the inclusion of araca leaf
extract in the diet of layers on productive performance, immunity, biochemical variables and
egg quality. The experiment was carried out in an experimental shed on the UDESC Chapecd
campus, with 60 layers (Isa Brown) at 45 weeks of age. The birds were randomly allocated in
five treatments with four experimental units of three birds. A completely randomized design
was used with five treatments (0,05; 0,10; 0,15 and 0,20 g/kg of aracé leaf extract).At the end
of the experimental period, food production and conversion were calculated. Blood collections
were performed on the first and last day of the experiment to evaluate leukocytes, biochemical
variables and serum levels of oxidants and antioxidants. Eggs were collected on the 28th day
of experiment for physicochemical analysis and oxidizing status (fresh eggs and stocked ones
for 4 weeks at 23°C). The inclusion of araca leaf extract did not affect the zootechnical
performance of the birds. The addition of increasing levels of araca leaf extract reduced linearly
at the end of the 28 days of treatment the concentrations of hemophile, eosinophil, activity of
serum lipid peroxidation (LPO), total bacterial count in feces and shells, E. coli in shells and
pH of the Ibumen of eggs stored for four weeks. The specific severity of stored eggs and total

antioxidant capacity (ACAP) of fresh and stored eggs increased linearly. The quadratic model



with minimum point adjusted better the observed values of leukocytes, lymphocytes and LPO
of the stored eggs with inflection points of 0,191, 0,197; and 0,130 g/kg, respectively, and the
quadratic model with maximum point better adjusted the averages of Glutathione S-transferase
(GST) with tipping point and 0,13 g/kg. Supplementation with aracé leaf extract for laying birds
for a period of 28 days did not affect zootechnical performance, but it had positive effects on
the cellular anti-inflammatory and antioxidant response and on the fecal bacterial count. The
effects of the administration of the extract of the leaves of araca in the feeding of laying hens
were beneficial to the health of the birds, improved egg quality, with emphasis on less bacterial

contamination of the shell and greater internal stability of stored eggs.

Keywords: Antibacterial activity. Antioxidant activity. Vegetable extract. Phytogenic.
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1. INTRODUCAO

A evolucdo genética, o desenvolvimento nutricional, a modernizacdo das estruturas e
equipamentos das granjas, o cuidado com a biosseguridade e manejo fizeram da avicultura de
postura moderna um exemplo de produtividade e qualidade da proteina animal.

A postura comercial se tornou mais eficiente, as aves poedeiras sdo mais longevas,
apresentam melhor conversdo alimentar com maior producao de ovos e maior qualidade.

Para que os resultados da produgdo avicola de postura atendam as expectativas dos
produtores, das agroinddstrias e consumidores é importante observar os fatores que impactam
diretamente a qualidade e lucratividade da atividade.

Estratégias de suplementacdo sdo uma alternativa para utilizacdo na criacdo de aves de
postura (Paulino et al., 2019). Assim, o uso de extratos herbais que favorecam maior eficiéncia
animal sdo técnicas Uteis na criacdo de aves.

Os extratos herbais sdo preparagdes concentradas de plantas e/ou seus derivados
adicionados a alimentagéo animal, podendo ser utilizados como aditivos nutricionais, e tem por
objetivo melhorar o desempenho dos animais.

Algumas espécies da familia Myrtaceae séo utilizadas para fabricacdo de extratos herbais,
sdo importantes no Brasil por seu potencial tecnoldgico e estudadas por apresentarem
compostos bioativos, com atividades antioxidante, antimicrobiana e antiinflamatéria.

O aracazeiro, cujo fruto é o araca (Psidium cattleianum), fruta nativa do Brasil, € um desses
exemplos. Ele pode ser dividido em dois fenétipos diferentes, araca amarelo e araca vermelho.

O uso do aracé ja foi registrado como efetivo em doencas pulmonares, como analgésico
periférico, controle de metéastase, diarreia, diabetes (Alvarenga et al., 2013; Canova et al., 2002;
Gaetti-Jardim et al., 2011) e o uso de suas folhas ja foram reportados na literatura no controle
de diarreia em ratos e estabilizacdo dos perfis hematologicos (Patel et al., 2014).

Suas principais propriedades séo as atividades antioxidantes e antibacterianas relacionadas
aos seu alto teor de compostos fendlicos. Na criacdo de aves, a utilizacdo de compostos com
acOes antioxidantes, protegem a reacdo da oxidacao lipidica e combatem radicais livres.

Portanto, o objetivo com o presente estudo foi avaliar a eficacia da suplementacédo de
diferentes niveis de extrato das folhas de araca na alimentacdo de galinhas poedeiras sobre o

desempenho, qualidade dos ovos (fisica e microbiol6gica) e salde das aves.



20



21

2 OBJETIVOS
A seguir estdo apresentados 0s objetivos que nortearam a pesquisa.

2.1 GERAL

Avaliar os efeitos da inclusdo de extrato de folha de araca em racdes para galinhas
poedeiras sobre o desempenho produtivo, imunidade, varidveis bioquimicas e qualidade de

0ovos.

2.2 ESPECIFICOS

Verificar se o uso de extrato das folhas de araca na alimentacdo de galinhas poedeiras:

- Melhorara o desempenho produtivo;

- Aumentard a capacidade antioxidante e reduzird a peroxidacdo lipidica em ovos
frescos e armazenados;

- Modificard as caracteristicas dos ovos frescos e armazenados;

- Reduzira a contagem bacteriana nas fezes das galinhas e a contagem de bactérias
patogénicas na casca do ovo;

-Alterara a imunidade e as varidveis bioquimicas das aves.
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3 REVISAO BIBLIOGRAFICA

A revisdo bibliogréfica aborda assuntos relevantes a pesquisa, especificamente sobre
definicdo de extratos vegetais e aditivos, assim como as propriedades antioxidantes e
bacterianas da familia Myrtaceae e o araca (Psidium cattleianum SABINE), espécie de estudo

da pesquisa.
3.1 INTRODUCAO

A criacdo de aves de postura é um setor dindmico e requer estratégias eficientes para
demanda de seus produtos decorrentes (ovos). O Brasil, esté entre os dez maiores produtores
mundiais de ovos, no ano de 2018 contava com plantel de poedeiras comerciais de
aproximadamente 160 milhdes de aves e uma producdo proxima de 3,68 bilhdes de duzias de
ovos/ano (ABPA, 2019).

O ovo é considerado um alimento de alto valor biolégico e uma fonte de proteina de facil
acesso para 0s consumidores. Grande parcela da producédo brasileira é destinada ao consumo
interno, com aproximadamente 212 ovos consumidos por habitante/ano (ABPA, 2019).

As poedeiras comerciais possuem diferentes necessidades metabdlicas para producdo. As
aves apresentam menor consumo de ragdo, melhor converséo alimentar devido ao metabolismo
mais rapido, levando a maior producéo de ovos. Porém, o aumento esperado na producdo pode
trazer consigo aspectos negativos, podendo interferir na satde animal, com o desenvolvimento
de doencas metabolicas (Costa; Pinheiro; Lima, 2015).

Areas como genética, nutricdo, manejo e sanidade sdo frentes importantes para que a
producdo de ovos seja otimizada, gerando indices atrativos. Para que as aves possam expressar
seu maximo potencial, é preciso que a alimentacdo das galinhas poedeiras seja atendida
conforme suas exigéncias nutricionais (Costa; Pinheiro; Lima, 2015).

Aliadas, nutricdo, producdo e qualidade, estratégias de suplementagdo sdo uma alternativa
para utilizacdo na criacdo de aves de postura. Assim, alternativas como o uso de aditivos
naturais que atinjam a maxima eficiéncia animal, sdo técnicas Uteis na criacdo de aves (Paulino
etal., 2019).

Aditivos de extratos herbais sdo utilizados na alimentacdo animal e sdo estudados como
melhoradores de performance, pois tém capacidade de reduzir o crescimento de
microrganismos patogénicos e apresentar agdo antioxidante (Windisch et al., 2007), eficazes no

melhoramento do desempenho e na imunidade dos animais (Tonet; Silva; Pontara, 2016).
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Na criacdo de aves, a utilizagdo de compostos com agOes antioxidantes pode ser utilizada
para proteger a reacdo da oxidagdo lipidica. Sabe-se também que os beneficios de seu uso se
estendem até as prateleiras, com aumento do tempo de vida de carne e ovos, pois esses produtos
sdo ricos em acidos graxos e altamente sujeitos ao processo de oxidacéo lipidica (Bou et al.,
2001; Freitas et al., 2012).

3.2 EXTRATOS VEGETAIS

Os extratos vegetais sdo preparacdes concentradas de plantas e/ou seus derivados, que
podem ser adicionados na alimentagdo animal com o objetivo de melhorar o desempenho
zootécnico (Applegate et al., 2010; Windish; Kroismayr, 2006). Eles apresentam atividades
antioxidantes e antimicrobianas, em consequéncia a presenca de substancias como, compostos
fenolicos, terpenos, fenilpropanoides e alcaloides, que sdo metabdlitos oriundos do
metabolismo secundario das plantas, que agem para inibir ou destruir bactérias patogénicas e
radicais livres (Ponzilacqua et al., 2018; Savoia, 2012).

Aspectos de composicdo e concentracdo dos extratos sdo importantes, bem como
fatores: espécie, partes da planta utilizada, clima e tempo de coleta, podem apresentar diferencas
quantitativas e qualitativas na sua composicao e atuacdo. As variagdes sazonais s&o um dos
fatores que exercem maior influéncia no desenvolvimento das espécies e consequentemente na
producdo de quase todas as classes de metabolitos secundarios (Dacoreggio; Moroni; Kempka,
2019; Hashemi; Davoodi, 2011).

O homem, desde a pré-historia, utiliza recursos vegetais para fins terapéuticos, Rai,
Prasad e Sharma (2000), estimam que em todo o mundo 85% das pessoas sdo adeptas e utilizam
plantas e/ou frutos para tratamento de doengas. O aumento no nimero de pesquisas para
identificar extratos naturais, esta diretamente relacionado aos niveis de antioxidantes presentes
nesses extratos, que visam diminuir e/ou controlar o estresse oxidativo, com consequente efeito
benéfico ao animal e seus produtos (Lobo et al., 2010; Marinho et al., 2016).

Por esses motivos, a busca por alternativas, economicamente viaveis e sustentaveis que
maximizem a producdo e melhorem a qualidade dos produtos de origem animal sem causar
problemas relacionados ao uso de aditivos, é uma tendéncia global, de forma a atrair indUstrias

e consumidores (Fernandes; Bizerra, 2020).



25

3.3 FAMILIA MYRTACEAE

A familia Myrtaceae tem aproximadamente 140 géneros e 5760 espécies, e sdo
encontradas em regides tropicais e subtropicais, como Australia, Asia e América do Sul e
Central. No Brasil é considerada uma das familias mais importantes de angiospermas
(Landrum; Kawasaki, 1997), onde sdo registrados 23 géneros e quase 300 espécies (Sobral et
al., 2013).

E subdividida em duas subfamilias: Myrtoidaea, que possui frutos com baga e folhas
opostas; e Leptospermoidae, que possui frutos com capsulas ou nuculas e folhas alternas ou
opostas (Sobral et al., 2013), apresenta algumas espécies com potencial econémico, como a
goiaba (Psidium guajava L.), a pitanga (Eugenia uniflora L), a jabuticaba (Plinia cauliflora),
que sdo consumidas em forma de doces, sucos, geleias e sorvetes (Lorenzi et al., 2006).
Algumas espécies sao utilizadas para ornamentacao, como a murta (Eugenia sprengelii DC.) e
érica (Leptospermum scoparium) (Lorenzi; Souza, 2001). O eucalipto (Eucalyptus spp),
também integrante da familia é conhecido como fonte de madeira, também pode ser extraido
esséncias usadas como aromatizantes em produtos de higiene ou de limpeza (Camilo et al.,
2004). Outras especies sdo conhecidas por sua importancia ecoldgica, pois sdo fontes de
alimento para animais silvestres, que por sua vez favorecem a dispersdo das sementes e a
sobrevivéncia das espécies (Gressler; Pizo; Morellato, 2006).

Além das propriedades citadas, as espécies da familia Myrtaceae também sdo utilizadas
com fins medicinais, para o tratamento de verminoses e diarreias (Psidium guajuva L.),
gastroenterites (Syzygium aromaticum), cicatrizantes e anti-sépticos (Psidium guineense),
afeccbes do trato respiratério (Eucalyptus globulus L.), diabetes (Eugenia jambolama e
Eugenia punicifolia) (Adebajo; Oloki; Aladesanmi, 1989; Grover; Vats; Rathi., 2000 Di Stasi;
Hiruma-Lima, 2002; Pepato et al., 2005; Lorenzi e Matos, 2008).

Na literatura também sdo descritas propriedades importantes e de alta relevancia, como
acdo antioxidantes (Kade et al., 2008), antiparasitaria (Fichi et al., 2007), antimicrobiana
(Dacoreggio; Moroni; Kempka, 2019), hipoglicemiante e acdo antilipidogénicas (Raivi;
Rajasekaran; Subramanian, 2005).
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3.3.1 Araca (Psidium cattleianum Sabine)

O aragazeiro cujo fruto é o aracd, tambem conhecido como araca-do-mato e araga-do-
campo (Fetter et al., 2010), € uma espécie nativa brasileira, se apresenta na forma de pequenas
arvores ou arbustos de até seis metros de altura e tronco tortuoso, seu fruto é pequeno, pode ser
dividido em dois fenotipos diferentes, araca-amarelo (Figura 1) e araca-vermelho de acordo
com a coloracdo dos seus respectivos frutos, floresce entre 0s meses de junho a dezembro e a
fruta amadurece entre setembro e margo (Biegelmeyer et al., 2011).

Assim como outras espécies da sua familia, seu fruto pode ser consumido in natura,
geleias, doces e sucos com alto potencial no setor agroalimentar. O fruto e as partes foliares
apresentam altos teores de compostos fenolicos, flavonoides, carotenoides, entre outros, com
boa capacidade antioxidante e consequente potencial farmacéutico (Biegelmeyer et al., 2011).

A composicdo quimica do araca amarelo é de aproximadamente 85,5+3,2% de umidade,
e apresenta composicdo nutricional corrigida para a matéria seca de 5,5+0,2 % de cinzas,
6,9+0,1% de proteinas, 1,4+0,2% de lipideos, 55,1+3,4% de carboidratos totais e 31,0+0,7% de
fibras (Silva et al., 2014). Os principais aminoacidos essenciais presentes no araga séo leucina,
lisina, tirosina, isoleucina e valina e 0s ndo essenciais sdo: glutamina, asparagina, alanina,
glicina, prolina, serina, arginina e hidroxiprolina (Hall et al., 1980). Em relacdo a composicao
mineral em um estudo com espécie com caracteristicas semelhantes (Psidium cattleianum var.
lucidum) Adrian et al. (2015) verificaram niveis na matéria seca de 1,26+£0,07% de potassio,
32,07£2,42 mg/kg de ferro e 13,62+1,18 mg/kg de zinco.

O acido linoleico é o 4cido graxo mais representativo no araca amarelo com 61,0 + 2,5%
do total relativo de lipideos (Biegelmeyer et al., 2011) seu consumo esta associado ao menor
risco de desenvolvimento de doencas cardiovasculares e aterosclerose, exerce efeito
antimutagénico e anticarcinogénico, bem como é estimulante do sistema imunoldgico (Koba;
Yanagita, 2014).

A vitamina C também é presente no aracd, com valores de 200 e 242 mg/g de frutas,
para 0 gendétipo vermelho ou amarelo, respectivamente (Luximon-Ramma; Bahorun; Crozier,
2003).

Os niveis de carotenoides totais no araca variam entre 389,0 -1084,0 g e 364,4 -1134,0
ug de equivalentes de [p-caroteno /100 g de fruta, para araca amarelo e vermelho,
respectivamente (Medina et al., 2011; Vinholes et al., 2017). Os carotenoides sdo importantes
compostos antioxidantes, que agem na reducéo de doengas associadas ao estresse oxidativo.

O contetdo total de compostos fenolicos, 5372 mg e 5638 mg de &cido GAE / 100 g de

araca amarelo e vermelho respectivamente (Vinholes et al., 2017). O &cido elagico (2213-3818


https://onlinelibrary-wiley.ez74.periodicos.capes.gov.br/action/doSearch?ContribAuthorStored=Biegelmeyer%2C+Renata
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ug/g de extrato do fruto) foi o composto fenolico mais representativo no aracé (Ribeiro et al.,
2014). Os compostos fenolicos sdo metabolitos secundérios das plantas, formados em
condicdes de estresses e sao essenciais para seu crescimento e reproducdo (Naczk; Shahidi,
2004), eles agem nas espécies reativas de oxigénio e radicais livres, que sdo responsaveis pela
origem de Vvérias patologias (Heim; Tagliaferro; Bobilya, 2002).

Alvarenga et al. (2016), ao avaliar o perfil cromatogréfico das folhas do araca
observaram a prevaléncia de compostos da classe de flavonoides e acido elagico.

O uso do aracé ja foi registrado como coadjuvante no tratamento de tosse e doencas
pulmonares (Gaetti-Jardim et al., 2011), como analgésico periférico (Alvarenga et al., 2013) e
também existem relatos de sua atuacdo na reducdo de células cancerigenas e controle de
metastases (Canova et al., 2002).

As folhas do aracé sdo comumente utilizadas para combate de diarreia e diabetes (Patel
et al., 2014) e resultados de estudos recentes tém demonstrado a utilizacdo do extrato de folhas
de araca na terapia experimental contra o cancer (Im et al., 2012).

O extrato de folhas de P. guajava (goiaba), também pertencente a familia do araca
provou ter efeitos antidiarreicos, Koriem, Arbid e Saleh (2019) em ratos provaram que 0 uso
de extrato de folhas por via oral regularizou pardmetros hematoldgicos e bioquimicos nos

animais acometidos pela diarreia.
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Figura 1 — Aparéncia da arvore (A) e folhas e fruto do Psidium cattleianum Sabine (B),

popularmente conhecido com o araca.

Fonte: autores, 2019.

3.3.2  Atividade antioxidante dos extratos da familia Myrtaceae

A oxidacédo é uma reacdo quimica que transfere elétrons ou hidrogénio de substancias a
um agente oxidante. As reacdes de oxidacdo podem produzir radicais livres, que desencadeiam
reacOes, causando 0 que chamamos de estresse oxidativo, entendido como um desbalango de
oxigénio e nitrogénio reativos no organismo, e desenvolve principalmente doencas
neurodegenerativas e cardiovasculares, que culminam com o envelhecimento e morte
(Yoshihara; Fujiwara; Suziki, 2010).

Os antioxidantes sdo responsaveis pelos mecanismos de defesa do corpo contra
patologias associadas ao ataque de radicais livres. Assim, o consumo de antioxidantes derivados
de plantas esta envolvido na prevencdo de doencas degenerativas causadas por estresse
oxidativo (Lee; Koo; Min, 2004; Valko et al., 2007). Os antioxidantes sdo moléculas estaveis,
que tém a capacidade de doar um elétron para os radicais livres, fazendo sua neutralizacdo. As
aves possuem sistemas antioxidantes, como enzimas e outras moléculas. Porém, quando os
antioxidantes enddgenos ndo sdo suficientes o uso de fontes exdgenas, como os aditivos

vegetais, podem ser positivos (Lobo et al., 2010; Yoshihara; Fujiwara; Suziki 2010).
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O araca contém uma grande quantidade de compostos fendlicos, incluindo epicatequina
e acido elagico como principais componentes (Medina et al., 2011). Apresentam também, em
quantidades menores, acido cumarico, acido feralico, miricetina, quercetina e vitamina C (3,26
0/kg da parte comestivel dos frutos) (Raseira; Raseira, 1996). Alvarenga et al. (2016), ao avaliar
o perfil cromatografico das folhas do araca observaram a prevaléncia de compostos da classe
de flavonoides e acido elagico.

A epicatequina, pertencente a classe dos flavonodides, contribui para a reducdo de
desenvolvimento de doengas cardiovasculares, por seu potencial antioxidante, e desempenha
também papel na vasodilatacdo, reducdo da pressao sanguinea e é antimicrobiano (Haas, 2011).

O 4cido elagico ¢ um composto fendlico, apresenta efeitos como: cicatrizantes (Al-
Obaidi et al., 2014), anti-hemorragico (Gopalakrishnan et al., 2014), atividade bacteriostatica e
bactericida (S. aureus e P. aeruginosa) e uma alta atividade antioxidade (Tavares et al., 2018).
Esses efeitos podem estar relacionados com sua capacidade antioxidante, seja pelo mecanismo
de sequestramento de radicais livres ou pelo quelante de ions metalicos (Dalvi, 2014; Larrosa
et al., 2010), assim, atua contra o estresse oxidativo, uns dos principais responsaveis por
ocasionar danos oxidativos no organismo, além de atuar indiretamente na ativacdo dos sistemas
enzimaticos celulares antioxidantes (Mehrzadi et al., 2018).

A atividade antioxidante dos compostos fenolicos esta relacionada com sua estrutura
quimica, a qual é formada pelo anel benzénico com grupos hidroxilas ligados diretamente a
estrutura ciclica, a maior ou menor capacidade antioxidante depende do nimero e da posicao
das hidroxilas (Pietta, 2000)

Esses compostos fendlicos sdo oriundos do metabolismo secundario das plantas,
estimulados principalmente em condicGes de estresse. Eles sdo estruturas quimicas que
possuem hidroxilas a anéis aromaticos que conferem capacidade antioxidante (Lin, Lin; Hsu,
2016) e também possuem importante acdo na modulacdo da microbiota intestinal, que por sua
vez atua na biodisponibilidade e biotransformacdo de macronutrientes, com melhora na saude
do animal de forma geral (Kasubuchi et al., 2015; Wan et al., 2018).

Oliveira (2016) estudou a performance zootécnica de codornas japonesas e a
estabilidade oxidativa das gemas de ovos armazenados por 0, 9, 18 e 27 dias alimentadas com
racao suplementadas com extrato de residuos de goiaba, embora ndo tenha obtido efeitos sobre
a performance, o extrato retardou a oxidacéo lipidica das gemas dos ovos. Destaca-se que araga

e a goiaba tem compostos antioxidantes semelhantes.
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3.3.3 Atividade antimicrobiana dos extratos da familia Myrtaceae

A atividade antimicrobiana observada na familia Myrtaceae deve-se a compostos como
taninos, 0leos essenciais e compostos fendlicos (Loguécio et al., 2005). Os mecanismos desses
compostos que conferem as plantas capacidades antimicrobianas estao relacionadas a regulacédo
do metabolismo intermediario das bactérias, por meio do bloqueio de algumas reacGes
quimicas, ou até mesmo alteracdes nas membranas (Tiwari et al., 2011).

Os compostos fendlicos podem inibir a sintese de &cidos nucléicos de bactérias Gram-
negativas e Gram-positivas (Cushnie; Lamb, 2005). Simdes (2018), observou que a acao
antimicrobiana da goiaba pode estar relacionada a inibicdo de enzimas das bactérias, a agdo
direta na membrana dos micro-organismos ou pela competicdo pelos ions metalicos, essenciais
ao metabolismo microbiano.

O extrato de folhas de aracazeiro possui acdo analoga aos antimicrobianos, com reducao
do desenvolvimento de patdégenos como Streptococcus mutans, Porphyromonas gingivalis,
Prevotella intermedia, Fusobacterium nucleatum, Actinobacillu actinomycetemcomitans e o
Enterococcus faecalis (Gaetti-Jardim et al., 2011). Também ja foi verificado efeito
antimicrobiano do extrato e 6leo de araca sobre bactérias patogénicas, relevantes na avicultura
como Salmonella sp. e Escherichia coli, e contra patdgenos de importancia para a saide publica
como Salmonella enteretidis e Staphylococcus aureus (Scur et al., 2016; Garcia, 2018).
Ponzilacqua et al. (2018) tambeém relataram a agdo do extrato de folhas de aracd contra
Aspergilus parasiticus.

Em pesquisa realizada por Castro et al. (2014) com folhas de aracd na qual foram
avaliados os efeitos sobre cepas flngicas clinicas como Trochosporon asahii, Candida.
parapsilosis, Candida albicans, Candida lipolytica e Candida guilliermondii, os autores
verificaram inibicdo do crescimento das cepas citadas. Assim como, a pesquisa de Sangalli et.
al. (2018) com utilizacdo de extrato foliares de Psidium cattleianum, em que os autores
verificaram alta atividade antimicrobiana contra Enterococcus fecalis com reducéo significativa

da carga microbiana em 24 horas.

3.3.4 Atividade da familia Myrtaceae no desempenho zootécnico de aves

Para alcancar bons indices na producdo de frangos de corte, a utilizacéo de aditivos sdo
medidas adotadas para controlar a populacdo patogénica do trato gastrointestinal e alcancgar
melhor desempenho zootécnico (Toledo et al., 2007).
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Nas poedeiras, 0 objetivo com a utilizagao de aditivos na forma de extratos vegetais esta
relacionado a producdo, ou seja, produto final que € o ovo, uma vez que os aditivos melhoram
a salde geral das aves e consequentemente a qualidade dos ovos. O consumidor passou a dar
maior atencdo a qualidade dos alimentos, o que tem estimulado os pesquisadores e a industria
de alimentos a desenvolverem produtos enriquecidos com aditivos capazes de produzir efeitos
benéficos a salde, ndo s6 animal, como humana (Lagand, 2014).

Alguns estudos com espécies da familia Myrtaceae foram utilizados como alimentos
e/ou aditivos na alimentacdo de aves entre os quais estd o estudo de Lira et al. (2009) que
avaliaram o desempenho e rendimento de carcaca em frangos de corte e concluiram ser possivel
adicionar até 12% de inclusdo na dieta de residuo de goiaba sem comprometer o desempenho.

Oliveira (2016) estudou codornas japonesas de postura e observou que a incluséo de
extrato de goiaba ndo influenciou o consumo de racdo, percentagem de postura, massa de ovos
por duzia e conversdao por duzias de ovos. No entanto, a conversdao por massa de OvoS
apresentou melhora linear com o aumento dos niveis.

Em um estudo de substituicdo do milho pelo residuo da industrializacdo da goiaba
(casca, sementes e polpa, provenientes da industrializacdo da goiaba para suco) Camelo et al.
(2015) reportaram que o residuo da industrializacdo da goiaba pode ser incluido em até 10%
nas dietas de codornas europeias sem comprometimento do desempenho e caracteristicas de
carcaca das aves.

Salvador (2008), avaliou a inclusdo de residuos de goiaba na alimentacdo de frangos de
corte e concluiu que a inclusdo de residuo de goiaba afetou positivamente o consumo de racao
e ganho de peso das aves. Costa et al. (2015a) observaram que a inclusdo (até 8%) de diferentes
niveis de residuo de goiaba na alimentacdo de frangos de corte ndo causou prejuizo ao
desempenho das aves e contribuiu para a redu¢do dos custos de producéo.

Moreira et al. (2017) suplementaram poedeiras comerciais com jabuticaba (até 0,11%)
e ndo verificaram diferencas na estabilidade oxidativa de ovos armazenados. Ja em estudo
realizado com codornas de postura em pico de producdo suplementadas com 0,9% de extrato
de goiaba, os resultados indicaram melhor capacidade antioxidante em gema de ovos

armazenados por 27 dias (Oliveira, 2016).
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4 MANUSCRITO

Os resultados desta dissertagéo sdo apresentados na forma de manuscrito, com sua formatacéo

de acordo com as orientac¢des a revista ao qual serd submetido:
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4.1 MANUSCRITO

ADDITION OF ARACA LEAF EXTRACT (Psidium cattleianum SABINE) IN THE
DIET OF LAYING HENS: IMPACTS ON BIRD HEALTH AND EGG QUALITY

Avriane F. A. dos Santos?, Aleksandro S. Da Silva®, Gabriela M. Galli?, Eduarda B. Paglia’,

Marina V. Dacoreggio®, Aniela P. Kempka®, Carine F. Souza?, Matheus D. Baldissera’,

Gilneia da Rosa?, Marcel M. Boiago®, Diovani Paiano®

De acordo com normas para publicacdo em:
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Highlights:

- Supplementation with araca leaf extract improved the health of laying hens.

- There was an approximately four-fold increase in total antioxidant capacity of egg yolks
from chickens that consumed extracts from araca leaves.

- Consumption of araca leaf extract reduced lipid peroxidation of eggs stored for four weeks.

- There was a reduction of about 50% in Escherichia coli and total coliform counts in the egg

shells of the hens that consumed the extract.
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Abstract. The aim of this study was to determine the effects of the inclusion of araga leaf extract
(ALE) as an additive in laying diets on productive performance, immunity, metabolism, and
antioxidant response of birds, as well its effects on egg quality. The experiment lasted 28 days;
there was a completely randomized design of five treatments with various levels of ALE (0.0,
0.05, 0.10, 0.15, and 0.20/kg feed), four repetitions per treatment, and three birds per repetition
(cage). Blood samples were collected on days 1 and 28 for hematological and biochemical
evaluations. Fresh eggs stored for four weeks were used to analyze physicochemical, and
microbiological properties, as well as oxidative and antioxidant status. The laying rate in the
hens did not differ among treatments with varying levels of ALE. The addition of increasing
levels of ALE linearly reduced total bacterial count (TBC) in feces. The number of total
leukocytes was lower in the blood of chickens that consumed araca extract due to the lower
number of heterophiles, eosinophils and lymphocytes. The inclusion of ALE in the diet
stimulated the activity of glutathione S-transferase and reduced serum lipid peroxidation (LPO)
levels. A linear effect in the fresh eggs of the chickens that consumed ALE was observed, that
is, we recorded lower TBC and Escherichia coli counts in the shells, as well as greater total
antioxidant capacity (ACAP) in the yolk. In eggs stored for four weeks, we founder lower
albumen pH and lower LPO of yolks when the birds consumed ALE, associated with greater
specific gravity of the egg and ACAP levels of the yolks. Taken together, these results suggest
that the inclusion of ALE in laying hen feed had anti-inflammatory effects, providing
antioxidant responses and antimicrobial activity. The consumption of ALE by the laying hens
did not affect zootechnical performance, while improving the health of the birds. The
conclusion of this study was that the inclusion of araca leaf extract produced better quality eggs,
characterized by internal oxidative stability and less bacterial contamination in the shell, both

of which desirable effects from the standpoint of the consumer.

Keywords: Antibacterial activity. Antioxidant activity. Vegetable extract. Phytogenic.
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1 INTRODUCTION

Raising laying hens requires efficient strategies for maintaining egg production. Because
of advances in genetic improvement, nutrition and health control, birds now show better feed
conversion, faster metabolism, and greater longevity. Nevertheless, the increase in the
production of layers, associated with the challenge of production systems, can trigger metabolic
diseases (Costa et al., 2015) and may impair immune responses (Da Silva et al., 2013). In these
situations, pathogenic microorganisms may harm the birds. In laying poultry, antibiotics are
only used for the treatment of sick animals, because their residues remain in the egg; for this
reason, it is desirable to use natural additives with antimicrobial properties to include in the diet
as prophylactics.

Another challenge for laying poultry is the deterioration of eggs during storage. Eggs are
usually stored at room temperature, often in environments with high thermal amplitudes
throughout the day. It is known that high temperature reduces the shelf life of foods such as
eggs. On the other hand, dietary addition of additives with antioxidant properties can minimize
these negative effects (Galli et al., 2018). For this reason, several investigators have tested
natural alternatives, aiming to reduce the challenge to birds and to increase the useful life of
their eggs (Alves, 2017).

Among the options for additives are herbal extracts, of which aracazeiro may be an option.
Araca belongs to the Myrtaceae family and to the genus Psidium, a genus that has about 100
species, including fruit-producing species, species used for ornamentation or for the production
of wood. Another characteristic of the family is its medicinal properties (Brandao, 2002).
Aracazeiro (Psidium cattleianum Sabine), a species native to Brazil, produces a yellow or
reddish fruit, known as araca (Biegelmeyer et al., 2011). The use of the fruit and its leaf parts
has already been registered as an adjunct in the treatment of cough and lung diseases (Gaetti-
Jardim et al., 2011), anti-inflammatory, hemostatic (Machado et al., 2012) and peripheral
analgesic action (Alvarenga et al., 2013) in addition to assisting in the reduction of cancer cells
and metastasis control (Canova et al., 2002).

Therefore, the fruit and leaf parts have been the subject of several studies (Biegelmeyer et
al., 2011; Egea and Pereira-Neto 2019), as they have a high content of phenolic compounds,
flavonoids, carotenoids and have demonstrated good antioxidant capacity. An antimicrobial
effect of the extract and araca oil on pathogenic bacteria, relevant to poultry farming, such as

Salmonella spp. and E. coli (Dacoreggio et al., 2019; Garcia, 2018). These two properties
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(antioxidant and antimicrobial) are desirable for layers, since these birds are in an accelerated
metabolism (Da Silva et al., 2013).

Recently, our research group produced an extract of Aracazeiro leaves harvested in
different seasons and observed that the extract has bioactive compounds, antioxidant,
allelopathic and antimicrobial activity (Dacoreggio et al., 2019). Therefore, the objective with
this study was to evaluate the effects of the inclusion of araca leaf extract (ALE), as an additive

in the laying hens feed on the productive performance, health and egg quality.

2 MATERIALS AND METHODS
2.1. ARACA LEAF EXTRACT
2.1.1. Acquisition and preparation of extracts

The extract used was produced from araca leaves (Psidium cattleianum Sabine), yellow
morphotype, collected in the southern region of the State of Santa Catarina, from December to
March 2019, selected according to uniform coloring. Plant material with rot, lesions and/or
defects was discarded. The vegetable material was cleaned with gauze moistened with distilled
water and dried in a forced circulation oven with air at 40 £ 5 °C, until achieving constant mass.
After drying, the leaves were macerated manually, and sieved in an 8-mm screen, obtaining the
sample for extraction.

For extraction, 0.5 grams of the sample were used, and 50 mL of distilled water was
added. The mixture was placed in an ultrasound bath (70 W) for 3 hours and remained at rest,
in the dark, for another 3 hours. The supernatants were filtered with quantitative filter paper
(Whatman No. 40) and stored in 100 mL volumetric flasks wrapped in aluminum foil.
Immediately after extraction, the extracts were stored in Eppendorf tubes and maintained frozen
at —83 °C until use, never for more than 24 hours. Before use, the samples were thawed by
lyophilization (Dacoreggio et al., 2019).

2.1.2. Quantification of total phenolic compounds (TPC)

Quantification of TPC was performed using the Folin-Ciocalteu colorimetric method.
An aliquot of each diluted sample was mixed with 0.5 mL of Folin-Ciocalteu solution and
stirred for 1 minute. Two milliliters of sodium carbonate (20%) were added to the mixture and
stirred for 30 s. After incubation for 2 h in the dark, the absorbance at 750 nm was read in
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relation to a prepared blank. A standard curve was prepared using solutions of gallic acid in
methanol. The concentration of total phenolic compounds in the extracts in gallic acid
equivalents was determined using an equation obtained from the standard graph of gallic acid
and expressed in mg of gallic acid equivalent per 100 g of dry sample (mg GAE/g). The data
were presented as the mean of the analyses £ SD of the triplicates (Bonoli et al., 2004; Shi et
al., 2011).

2.1.3. Determination of antioxidant activity by radical reduction (DPPH)

The evaluation of the free radical scavenging activity of the extracts was based on the
measurement of the antioxidant reduction capacity by the radical DPPH (2,2,2-diphenyl-1-
picryl-hydrazyl). Five different dilutions of each extract were prepared in test tubes. Reaction
mixtures were prepared from the diluted extracts. In a dark environment, 0.3 mL of each extract
dilution in 2.7 mL of the DPPH radical (40 pg/mL) were added to the test tubes. After
incubation for 1 hour in the dark, the absorbance at 515 nm was read in relation to a prepared
blank. The activity was expressed as the 1Csg value (ug/mL), defined as the concentration of
the antioxidant needed to eliminate 50% of the DPPH present in the test solution. All tests were
performed in triplicate and the 1Cso values were reported as means £ SD of the triplicates
(Brand—Williams et al., 1995; Shi et al., 2011).

2.2. ANIMALS, INSTALLATION AND TREATMENTS

The experiment was carried out in the south of Brazil (27°07°S; 52°37°W), in an
experimental building, provided with curtains and ventilation to assist the climate control of the
building. Temperatures and humidity were measured automatically at 30 'intervals by means of
a data logger installed inside the shed and temperatures of 19.99 + 5.13 °C and relative humidity
58.11 + 11.58% were recorded in the experimental period (Fig. 2).

Sixty commercial laying hens (Isa Brown), 45 weeks of age, were kept in sheds, housed
in cages with three birds/cage, distributed in a completely randomized design, with five
treatments and four repetitions per treatment. Each cage was defined as an experimental unit.

The light and feed program followed the recommendations for the breed (Hy-Line
Brown laying hens, 2018) with water supplied ad libitum. The feed was formulated based on

corn and soybean meal (Table 1) according to the nutritional composition of ingredients
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proposed by Rostagno et al. (2017) to provide 11.93 MJ of metabolizable energy/kg, 42 g/kg
of calcium, 3.1 g/kg of available phosphorus, 19 g/kg of sodium, 160 g/kg of crude protein; 7.7
o/kg digestible lysine, 76 g/kg digestible Met + Cis, 5.35 g/kg digestible methionine, 6.2 g/kg
digestible threonine and 1.8 g/kg digestible tryptophan (Table 1). The treatments consisted of
five levels of inclusion of extract of leaves of ALE (0.0; 0.05; 0.10; 0.15 and 0.20 g/kg of feed).

Samples of the diets were collected and frozen (20 °C) until analysis. In the diets, the
concentration of total phenolic compounds and antioxidant activity was also measured, based

on the same methodologies described in section 2.1 of this manuscript for ALE leaves.

2.3. ZOOTECHNICAL PERFORMANCE AND EGG QUALITY

Egg production was recorded daily. Egg production was calculated as percentage at the
end of the cycle. We recorded feed intake (g/bird/day) and average egg weights (average of
eggs produced on days 26, 27 and 28). Egg mass (g/bird/day) obtained by the percentage of
posture in relation to egg weight and feed conversion were expressed in two ways: kilogram of
feed per kilogram of egg (kg/kg) and kilogram of feed per dozen eggs (kg/dz).

Eight eggs per group (two per repetition) were collected at the end of the cycle (days 28
and 29) for quality analysis. Eggs on day 28 were analyzed after laying (fresh eggs) and eggs
on day 29 were analyzed after four weeks of storage (stored in a BOD oven programmed at 26
° C). In the fresh and stored eggs, the variables described below were measured.

The specific gravity of the eggs was determined according to the method of Freitas et
al. (2004). Shell strength (kgf) was measured using a texture analyzer (TA.XTplus). Albumen
height was measured using a micrometer (precision = 0.01). Haugh units (HU) were calculated
from albumen height and egg weight according to the following equation (Haugh, 1937): HU
=100 log (H + 7.57 — 1.7 W 0.37), where H is the height of the albumen (mm) and W is the
weight of the egg (g). The yolk index was measured with a caliper as the ratio between height
(mm) and yolk diameter (mm). Yolk color was determined using a colorimeter (Minolta CR-
400) and the luminosity (L*), red intensity (a*) and yellow intensity (b*) were recorded. The
yolks were separated from the albumen and the egg shells were washed and dried in an oven.
Then, the percentage of yolk, aloumen and eggshell were obtained. The yolk and aloumen pH
were measured using a digital pH meter (Testo 205).

The total antioxidant capacity (ACAP) was determined by the method of Amado et al.
(2009) with modifications for egg yolks recently described by Reis et al. (2019). The technique
aims to determine the antioxidant capacity of the egg yolk using a fluorescent substrate (2', 7'
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dichlorofluorescein diacetate-H,DCF-DA) and the production of peroxy radicals by thermal
decomposition of 2,2’-azobis 2 methylpropionamidine dihydrochloride. Fluorescence was
determined using a microplate reader (Spectramax 13) at 37 °C (excitation: 485 nm; 530 nm)
with readings every 5 min, for 30 min.

Levels of lipid peroxidation (LPO) were measured in the yolk samples diluted in cold
methanol (1: 1 v/v) and centrifuged at 1000 x g for 10 min. at 4 °C (Monserrat et al., 2003; Reis
et al., 2019). LPO levels were measured in supernatants using a microplate reader at 550 nm,
with cumene hydroperoxide as standard.

The total bacterial counts, as well as E. coli and total coliform counts in eggshells were
performed in fresh eggs collected on day 28. One gram of each eggshell was aseptically
weighed, then homogenized in 9 mL of buffered peptide water in a test tube. sterile with the
use of a vortex shaker with a 10 dilution. Then, 1 mL of the dilution of the eggshell samples
were inoculated in Placa3M™ Petrifilm™ EC, and 200 pL in a petri dish previously prepared
with Standard Counting Agar (PCA). Subsequently, the plates were incubated in a
bacteriological oven at 37 °C for 48 hours and then the colony-forming units (CFU/g) were

counted.

2.4. HEMATOLOGICAL AND BIOCHEMICAL VARIABLES IN BLOOD OF BIRDS

2.4.1 Sample collection

Blood collections (1 mL) were performed on days 1 and 28 of the experimental period,
by puncture the brachial vein of six birds per treatment. The collected samples were placed in
tubes with anticoagulant (EDTA) for hematological analysis and in tubes without
anticoagulants followed by centrifugation at 3,500 rpm for 10 minutes, later stored frozen (at —
20 °C) until biochemical analyses were carried out.

2.4.2 Leukogram
The total leukocyte count followed the methodology of Natt and Herrick (1951). Blood

smear slides were produced and stained (Rapid Panoptic kit) for differential leukocyte counts
(Lucas; Jamroz, 1961).
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2.4.3. Clinical serum biochemistries

Levels of alanine aminotransferase (ALT) and triglycerides, cholesterol, uric acid, total
protein, aloumin and serum glucose were evaluated using commercial kits (Analisa®) in a semi-
automatic analyzer (BioPlus 2000). Levels of globulin were calculated based on the difference
between the levels of total protein and albumin.

2.4.4 Oxidant and antioxidant status

LPO levels were measured in serum samples according to the method described by
Monserrat et al. (2003). Glutathione peroxidase (GPx) activity was measured indirectly by
monitoring the oxidation rate of NADPH at 340 nm with copper hydroperoxide (CuOOH),
according to Wendel (1984). Glutathione S-transferase (GST) activity was determined by
spectrophotometry according to the method described by Habig et al. (1974).

2.5. TOTAL BACTERIAL COUNTS (TBC) IN BIRD FECES

Samples were collected after being excreted by the hens (pooled feces per cage). After
collection, samples were refrigerated and processed immediately after the collection was
completed.

We aseptically weighed feces, then homogenized them in 9 mL of buffered peptide
water in a sterile test tube using a vortex shaker in a 10 dilution. Then, the samples were
diluted to 10®. Aliquots of 1 mL of the dilution was inoculated into 3M™ Petri film™ EC
Plates, and 200 uL were placed on petricom plate count agar plates for TBC. Subsequently,
they were incubated in a bacteriological oven at 37 °C for 48 hours, after which colony-forming
units (CFU/g) were counted.

2.6. STATISTICAL ANALYSIS

The data were subjected to the Shapiro—Wilk normality test (o >0.05) and transformed
if necessary. Biochemical analyses, total bacterial count of eggs and feces, LPO, GST, E. coli,
yolk and albumen pH, specific gravity of the egg and dozens did not show normality and were
transformed using Box-Cox or Johnson methods. Normalized data were subjected to analysis

of variance with a <0.05 as the difference between treatments.
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Linear and quadratic regression models were used to select the predictive model that
best fit the average values, so as to estimate the behaviors or the inclusion points that gave the
best responses of laying hens, by deriving the equations to calculate the maximization points.
The least squares method was used to calculate the coefficients of the regression models and
the verification of the significance of each coefficient was assessed by the t-test a <0.05. The
Scott—Knott test (1974) was applied to the means; significant differences were defined as o
<0.05.

3. RESULTS

3.1. ZOOTECHNICAL DESIGN

The laying rate, feed conversion, feed intake and egg mass did not differ (P >0.05)

between treatments (Table 2).

3.2. LEUKOGRAM AND SERUM BIOCHEMISTRIES

The serum hematological and biochemical variables did not differ between groups (P
>0.05) at the beginning of the experiment (day 1). At 28 days, there was a lower number of
total leukocytes in the blood of the chickens that consumed feed supplemented with ALE,
accounted for by a reduction in lymphocyte and neutrophil counts (P <0.05). There was a
reduction of counts of neutrophil and eosinophils that was linear with the inclusion of ALE (P
<0.05). The number of leukocytes and lymphocytes showed quadratic effects, with the
minimum points estimated for the levels of 0.197 and 0.191 g of ALE/kg of feed, respectively.
The levels used did not influence monocyte concentrations (P >0.05) (Table 3).

Serum levels of glucose, total protein, aloumin, globulin, triglycerides, cholesterol, uric
acid, and ALT did not differ between treatments (P >0.05) at 28 days (Table 4).

3.3. SERUM LEVELS OF ANTIOXIDANT ENZYMES AND LIPOPEROXIDATION

We observed lower levels of LPO in the serum of birds with higher levels of extract
supplementation, while GST activity was higher (P <0.05). There was a linear reduction (P
<0.05) in lipid peroxidation in the serum of birds with the increased inclusion of ALE in the

diet. GST enzyme activity showed a quadratic effect (P <0.05), with a maximum inclusion point
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up to the level of 0.130 g/kg of ALE (Table 5). The levels of extract used did not influence the
activity of GPx (P >0.05) on day 28 of the experiment.

3.4. BACTERIAL COUNTS IN FECES

The increased inclusion of ALE decreased bacterial counts in the hird feces in a linear
fashion (P <0.05) (Table 6).

3.5. EGG QUALITY

3.5.1. Fresh eggs

There was no difference (P >0.05) between treatments for the variables of specific
gravity, Haugh unit, yolk index, egg shell strength, shell thickness, yolk percentage, shell
percentage, albumen percentage, pH and staining (Tables 7 and 8).

Levels of LPO in the egg yolk did not differ, but there was a tendency of reduction (P
= 0.058), since the concentration of ACAP in the yolk was higher in supplemented birds' eggs.
(Table 9). The levels of extract used increased linearly (P <0.05) the total antioxidant capacity
in the egg yolk.

The TBC and E. coli counts in the eggshell were lower (P <0.05) (linear reduction)
when the chickens were supplemented with ALE (Table 6). The number of total coliforms did

not differ between treatments (P >0.05).

3.5.2. Stored eggs

In stored eggs, we identified a difference between groups for the variables of albumen
pH and specific gravity. There was a linear reduction (P <0.05) of the aloumen pH and a linear
increase (P <0.05) of the specific gravity of the stored eggs (Tables 7 and 8) with the increase
in the levels of ALE in the feed. The other variables did not differ among treatments (P >0.05).

LPO levels in the egg yolk were lower, and the concentration of ACAP in the yolk was
higher in supplemented birds' eggs (Table 9). The levels of extract used increased the total
antioxidant capacity in the egg yolk in linear fashion (P <0.05). The LPO in the stored eggs was
better estimated using a quadratic model (P <0.05), with an LPO reduction down to the level of
0.13 g ALE/Kkg (Table 9).
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4.  DISCUSSION

The addition of ALE in the feed of laying hens did not affect zootechnical performance,
suggesting that there was no toxicity of the extract used up to the level of 0.2 g/kg of feed. The
laying rate of birds in peak production, greater than 90% at the beginning of the experiment
was not altered by inclusion of the extract and it remained above 91% throughout the
experimental period. It should be noted that the absence of negative effects on productive
performance has also been reported in birds when fed with extracts from plants of the same
family (Myrtaceae), such as: guava extract (Psidium guajava) in the feeding of Japanese quails
in peak posture (Oliveira 2016), jaboticaba extract (Plinia cauliflora) for laying hens (Moreira
et al. 2017) and jamboldo leaf extract (Syzygium cumini) in laying hens (Freitas et al., 2017).

The reduction in the number of total leukocytes in the blood of birds (due to the
reduction of lymphocytes, neutrophils, and eosinophils) was expected, because the ALE is
known for its antioxidant, anti-inflammatory, and antibacterial properties. The phenolic and
flavonoid compounds present in araca leaves (Biegelmeyer et al., 2011) protect cells by
stimulating immune components such as lymphocytes and macrophages (Franchini et al., 1991)
and by modulating inflammatory responses.

Flavonoids inhibit the proliferation of T lymphocytes, the production of pro-
inflammatory cytokines, and they also modulate the activity of important enzymes in the
metabolic pathways (Cazarolli et al., 2008; Trueba; Sanchez, 2001). They inhibit the pathways
of the enzyme cyclooxygenase (COX), which plays a fundamental role as an inflammatory
mediator (Simdes et al., 1998). Its antioxidant function is also associated with the inflammatory
response, because its compounds also inhibit the COX enzyme, which is involved in the release
of arachidonic acid that participates in the formation of leukotrienes. This in turn is the starting
point for the inflammatory response (Queiroz et al., 2014).

In addition to the antioxidant and anti-inflammatory activities of the bioactive
compounds present in ALE, its antibacterial potential culminated in the reduction of total
leukocyte counts, because they reduced the challenge to the health of the chickens (manifested
as the reduction of the total bacterial count) which also may have contributed to results. It is
important to note that intensive production and/or bioclimatic conditions can also compromise
or over-activate the immune system. During the experimental period, large thermal amplitude
was observed (Figure 1) that may have compromised the health of the birds such that the use

of ALE may have been positive in the sense that it minimized these stressful effects.
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Lower lipid peroxidation and higher serum GST activity in chickens fed various levels
of extract suggest an increase in positive antioxidant responses. The medicinal and biological
properties of the fruits of the Myrtaceae family are well described in the literature, with special
emphasis on antioxidant activity (Ames et al., 1993; Lobo et al., 2010), manifesting as
inhibition of lipid peroxidation, with anti-inflammatory effects (Loguério et al., 2005). These
beneficial effects were transferred to the eggs, that showed better quality after storage,
manifested as lower lipoperoxidation levels and greater total antioxidant capacity of the yolks.

The inclusion of ALE in laying hens decreased total bacterial counts in their feces. The
antimicrobial activity that plant extracts exert has an impact on the health and quality of the
final product (eggs). There are several mechanisms by which the compounds present in ALE
act on the microorganisms, among which are that phenolic compounds inhibit nucleic acid
synthesis in gram-negative and gram-positive bacteria (Cushnie and Lamb, 2005).

A study conducted with ALE demonstrated antimicrobial activity against both gram-
negative and gram-positive bacteria, including E. coli (Dacoreggio et al., 2019). Potential
antibacterial activity against E. coli was also observed in a study with Melaleuca alternifolia,
known as tea tree, also belonging to the Myrtaceae family (Kulkarni et al., 2012). This reduction
in bacterial contamination in the intestines of chickens probably had a positive influence on the
external quality of the eggs, that is, it reduced the counts of pathogenic bacteria on the surface
of the eggs with the inclusion of the extract.

In stored eggs of chickens that consumed ALE, greater specific gravity and lower
albumen pH were observed, associated with lower lipid peroxidation levels. These results are
probably associated one another, because the greater internal stability of the egg caused by the
greater total antioxidant capacity minimized the process of natural deterioration in stored eggs,
a product that normally remains commercially available for 30 days. This means that if
producers can use ALE in laying hens, they can improve the maintenance of egg quality, mainly
during storage. Similar results were obtained in a study of eggs of quails that were supplemented
with 0.9% guava extract (Oliveira, 2016). However, Moreira et al. (2017) supplemented
commercial laying hens aged 45 weeks for 28 days with standardized extract of jaboticaba (up
to 0.11%) and found no differences in the oxidative stability of stored eggs.

Our results regarding antioxidant capacity were expected, because the content of
phenolic compounds in araca fruits is higher than that found in plants of the same family, as in
guabiroba (Campomanesia xanthocarpa) (Paulino et al., 2019), and up to six times greater than
that of guava (Faller, Fialho, 2009; Kuskoski et al., 2005).
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Our results suggest less deterioration of the eggs attributable to ALE, because they
conferred greater specific gravity (indicative of better shells and smaller air chambers). In
general, the results suggest to that ALE is an excellent food additive for laying hens.
CONCLUSION

The addition of ALE in laying hen feed did not affect the zootechnical performance of
the birds, but it exerted anti-inflammatory, antioxidant, and antimicrobial effects. We also
conclude that the consumption of araca leaf extract by the chickens improves the quality of the
eggs, characterized by internal oxidative stability (greater antioxidant capacity and less lipid
peroxidation) and less bacterial contamination in the shell.
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Figure 2 - Dry bulb temperature (DBT), Relative humidity (RH) and Temperature and humidity index (THI):
TBS + (0.36 * Dew point + 41.5).

53



54

583  Table 1. Ingredients, calculated nutritional levels and antioxidant levels analyzed from experimental diets for
584 laying hens supplemented with araca leaf extract (ALE).

Levels of inclusion of ALE in the rations, g/kg

Ingredients, g/kg Control 0.05 0.10 0.15 0.20
Ground corn 609 609 609 609 609
Soybean flour 240 240 240 240 240
Limestone 102 102 102 102 102
Soybean oil 24.6 24.6 24.6 24.6 24.6
Bicalcium phosphate 11.9 11.9 11.9 11.9 11.9
Table salt 4.36 4.36 4.36 4.36 4.36
DL-methionine 3.17 3.17 3.17 3.17 3.17
L-threonine 0.85 0.85 0.85 0.85 0.85
L-lysine HCL 0.46 0.46 0.46 0.46 0.46
L-tryptophan 0.11 0.11 0.11 0.11 0.11
Vitamin supplement! 1.50 1.50 1.50 1.50 1.50
Mineral supplement? 1.50 1.50 1.50 1.50 1.50
Aragazeiro leaf extract 0.00 0.05 0.10 0.15 0.20
Analyzed composition3

TPC. mg de GAE/g 0.12+0.02 012+0.01 012+001 0.14+0.01 0.15+0.03

Antioxidant activity
DPPH ICso pg/mL
585 tvitamin supplement for laying hens, minimum content per kg of product: Vitamin A 11,000,000 IU; Vitamin
586  D32,500,000 IU; Vitamin E 300,000 1U; Vitamin K3 3000 mg; Vitamin B1 2,000 mg; Vitamin B2 5,000 mg;
587  Vvitamin B6 3,000 mg; Folic acid 1000 mg; Nicotinic acid 35 g; Pantothenic acid 12 g; Biotin 15 mg.
588  2Supplement of micro minerals for laying hens, minimum content per kg of product: Fe 50 g; Cu 10 g; Co 200 g;
589 11000 mg; Se 300 mg; Mn 70 g; Zn 65 g.
590  SExtracts obtained from araca leaves (TPC = 101 + 0.2 mg de GAE. g* and ICso= 37.3 + 0.9 pg. mL?), Total
591  phenolic content (TPC) and antioxidant activity DPPH (2,2-diphenyl-1-picrylhydrazyl). GAE (gallic acid
592  equivalent).

593

642 £17.5 309+42.4 451+0.1 484 £21.4 405 +25.7
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Table 2. Daily feed intake (FI), feed conversion ratio (FC) per mass and per dozen eggs, percentage of laying

and egg mass (EM) of laying hens fed different levels ALE.
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Level g/kg Fl, EM, Laying, % FC/m, FCldz,
g/animal/d Kg kg/kg kg/dozen
Control 112 +2.78 474 +0.18 94.9+2.25 1.99 £ 0.06 1.42 £0.05
0.05 117 +8.18 4.39+0.44 95.5+3.93 2.05+0.09 1.48 £ 0.06
0.10 113+1.81 4.50+0.30 91.3+3.28 2.12+0.16 1.49 £ 0.07
0.15 115+0.72 4.68+0.16 95.8 +1.54 2.07 £0.07 1.45+0.02
0.20 115+ 1.74 4,68 +0.23 95.2 +1.94 2.08 £0.10 1.46 £ 0.02
Qualitative analysis
P-value 0.29 0.40 0.18 0.51 0.39
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Table 3. Leukogram of laying hens fed various levels of araca leaf extract (ALE), samples collected on the 28"
day of the experiment.

Level, Leukocytes Neutrophils Lymphocytes Monocytes  Eosinophils
g/kg /uL /uL /ulL /UL /uL
Control 7383 £ 6742 2002 + 1282 4861 + 609? 521 £ 177 504 + 1442
0.05 5880 + 669° 1640 + 392° 3897 + 405° 342 + 316 307 + 140°
0.10 4867 + 524°¢ 1053 + 385°¢ 3502 + 510° 312 £ 227 282 + 48P
0.15 4650 * 404¢ 1378 + 471° 2875 + 416° 398 + 141 244 + 153°
0.20 4150 + 536° 813 + 394° 2963 + 606° 374 £92 168 + 117°
Qualitative analysis

P-value <0.001 <0.001 <0.001 0.285 0.004
Quantitative analysis

Linear = <0.001 <0.001 <0.001 na <0.001
Quadratic = <0.001 0.210 <0.001 na 0.132

Different letters in the same column differ by the Scott—Knott test (P<0.05). na (not analyzed).
Leukocytes = 79712X?— 31363X + 7329.3 (R? 0.802).
Neutrophils = 1905.42-5281.12X (R? 0.462).

Lymphocytes = 4853.59-20286.00X+53123.4X? (R? 0.670).
Eosinophils = 452.81-1494.04X (R? 0.414).
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Table 4. Serum biochemistry of laying hens fed various levels of araca leaf extract (ALE), on day 28 of the
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experiment.

Level, GLU, TP, ALB, GLO,g/dL CHOL, TRIG, UA, ALT,
g/kg mg/dL g/dL g/dL mg/dL mg/dL mg/dL U/L
Control 157+23.9 5.840.7 2.140.1 3.6+0.6 70.6+10.1 952+113 2.8+1.1 1.7£1.2
0.05 184+20.4 7.946.6 2.140.2 5.8+6.4 84.8+23.8 938+161  3.0+0.5 3.2+3.9
0.10 178+20.5 5.540.3 1.940.3 3.9+0.8 77.4+23.1 928+118  3.2+0.7 2.61£1.7
0.15 167+20.3 6.0£2.0 1.8+0.7 4.3+1.4 86.3+39.1 1015+34  2.7£0.9 2.8+1.8
0.20 168+2.9 5.841.3 2.0£0.3 3.8+1.5 94.2+428.3 975167 3.61.0 3.6+1.9

Quantitative analysis
P-value 0.288 0.996 0.431 0.961 0.697 0.785 0.542 0.839

Glucose (GLU); Total protein (TP); Albumin (ALB); Globulin (GLO); Cholesterol (CHOL); Triglycerides

(TRIG); Uric acid (UA); and alanine aminotransferase (ALT).
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Table 5. Serum lipid peroxidation (LPO) levels and activities glutathione S-transferase (GST) and glutathione
peroxidase (GPx) in laying hens fed various levels of extract of leaves of araca leaf extract (ALE) for 28 days.

DAY 0 DAY 28

Level g/kg LPO GST GPx LPO GST GPx

nmol/mL U/mg U/mg nmol/mL U/mg U/mg
Control 3554271 14.9+1.42  0.98+0.47 656+2322 10.5+2.16°  1.13+0.83
0.05 593+245 15.442.35  1.60+0.66 563+1522 13.6+£1.33°  0.73+0.29
0.10 5114334 19.1+5.77  1.84+1.83 54942682 26.6+£5.48%  0.75+0.36
0.15 313+219 24.0£7.11  1.43+£1.13 316+133° 19.9+8.27°  1.17+0.37
0.20 3544210 19.5+5.66  1.36+0.47 224+81.5° 19.2+45.45°  0.85+0.58
Qualitative
P-value 0.512 0.070 0.717 0.004 <0.001 0.451
Quantitative
Linear = Na na na <0.001 0.010 na
Quadratic = Na na na 0.447 0.001 na

Different letters in the same column differ by the Scott—Knott test (P<0.05). na (not analyzed).
LPO(28) = 683.2599-2210.94355X (R? 0.405).
GST(28) = 9.31532+205.3514X-791.614X? (R? 0.375).
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*Dilution 10%; **Dilution 10°. na (not analyzed).
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Table 6. Total bacterial count (TBC). Escherichia coli and total coliforms (TC) in fresh chicken eggs and total
bacterial count in feces of hens fed with various levels of araca leaf extract (ALE) for 28 days.

Eqgg shell bacterial count * Fecal bacterial
count**
Level CBT. Escherichia coli. Total coliforms TBC feces
a/kg UFC/mL UFC/mL UFC/mL UFC/mL
Control 155 +79.22 15.5+5.242 24.3+£9.63 160 + 46.22
0.05 145 +120° 18.0 + 6.66% 19.8 +8.33 145 + 36.32
0.10 44,1 +17.1° 9.83 +3.54° 18.2+6.34 145 + 33.92
0.15 84.0 £ 35.82 10.8 £5.12° 14.3+7.63 134 £ 1212
0.20 51.3 + 15.7° 7.67 £1.37° 12.5+6.28 109 +7.7°
Qualitative analysis
P= <0.001 0.001 0.100 0.006
Quantitative analysis
Linear = 0.005 0.001 na 0.002
Quadratic = 0.1867 0.3900 na 0.237

Different letters in the same column differ by the Scott—Knott test (P<0.05).
TBC = 149.83 -538.3X (R? 0.218).

ECOLI = 16.933 -45.66X (R? 0.289).

TBC feces = 161.08-223.2X (R? 0.202).
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629 Table 7. Results obtained from the yolk and albumen pH of fresh eggs and stored for 28 days of laying hens fed
630  various levels of araca leaf extract (ALE).

pH fresh egg pH stored egg
Level g/kg Yolk Albumen Yolk Albumen
Control 6.36 £ 0.49 8.56+0.10 5.90 + 0.09 9.21+0.078
0.05 6.66 + 1.02 8.46 +0.19 5.95+0.08 9.19+0.032
0.10 5.98 £ 0.21 8.37+£0.22 6.14 £ 0.18 9.17 £ 0.042
0.15 5.88£0.10 8.34£0.32 5.96 £ 0.18 9.15 + 0.04°
0.20 5.99 + 0.17 8.29 £ 0.27 5.97+0.12 9.13 +0.03°
Qualitative analysis
P-value 0.280 0.220 0.186 0.024
Quantitative analysis
Linear = na na na <0.001
Quadratic = na na na 0.457

631  Different letters in the same column differ by the Scott—Knott test (P<0.05). na (not analyzed).
632  albumen pH (stored egg) = 9.2049 -0.3672X (R? 0.283)
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633  Table 8. Results obtained for the following analyses: specific gravity (SG); Haugh unit (HU); yolk index (Y1); eggshell strength (ES/gf); shell thickness (SC); yolk percentage

634 (YP); percentage of shell (SP); percentage of albumen (PA); brightness (L*); intensity of red (a*); and yellow intensity (b*) in fresh eggs and stored for 28 days of laying hens
635  fed different levels of araca leaf extract.

Level g/kg SG HU Y ES SC, mm SP, % PA, % PA, % L* a* b*

Fresh eggs
Control 1.089+0.006  97.4+2.83 0.4740.02 3699+143 0.36+0.03  27.1+2.41  9.94+0.92  62.9+3.05 59.6+1.45 -551+0.61  48.5+2.32
0.05 1.087+0.005 93.1+6.21 0.4840.03 3679+395 0.36+0.03  25.7+2.90 9.43+0.81 64.8+2.50 58.6+4.56 -5.02+0.69  47.4+5.37
0.10 1.086+0.005 95.9+4.00 0.4740.03 3456+378 0.36+0.02  25.7+1.02  9.76+£0.70  64.5+1.43 58.2+2.39  -5.17+0.58  45.9+3.64
0.15 1.084+0.007 97.2+3.23 0.4740.06 3687+560 0.34+0.04  26.7+1.87  9.29+0.75  64.0+2.11 59.2+3.65 -4.97+1.10 46.7+16.65
0.20 1.086+0.005 92.4+351 0.48+0.03 3618+195 0.35+t0.03 256+210 8.89+102 655+270 60.1+1.40 -5.03+0.70 49.6+232
P-value 0.563 0.057 0.940 0.671 0.792 0.546 0.138 0.319 0.725 0.615 0.188
Stored eggs
Control 1.024+0.017°  45.3+9.99  0.25#0.04 5210+1244 0.35+0.03 31.5+3.11  10.7+0.98 57.7£3.31 59.646.87 -4.95+1.55 61.4+7.27
0.05 1.013+0.011°  36.2#8.58  0.24+0.01 4965+1193 0.36+0.01 32.0+3.19  10.9+0.56 63.3+14.50 59.0+3.50 -4.82+0.93 57.246.61
0.10 1.037£0.021*  42.2+10.40 0.24+0.02 5143+1205 0.36£0.03 28.7£1.25 10.6+0.77 60.6+1.39 65.3+3.96 -4.08+1.72 60.2+4.02
0.15 1.028+0.017° 37.6+16.70 0.24+0.02 4971+719  0.35+0.03  30.4+2.48 10.6+1.00  58.9+3.01 62.2+3.53 -5.08£1.46 61.5+7.63
0.20 1.041+0.015*  31.9+13.68 0.24+0.02 44024626  0.35+0.02 29.9+0.53 10.3+0.91 59.2+0.71 64.4+4.04 -532+1.36 64.4+4.26
P= 0.013 0.456 0.766 0.559 0.548 0.180 0.973 0.356 0.100 0.627 0.378

Quantitative analysis

~ Linear 0.014 na na na na na na na na na na
636  Different letters in the same column differ by the Scott-Knott test (P<0.05). Specific gravity = 1.0188+0.098X (R? 0.125). na (not analyzed).
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Table 9. Lipid peroxidation (LPO) activities and total antioxidant capacity (ACAP) in fresh and stored egg yolk for 28
days of laying hens fed various levels of extract of araca leaves (ALE).

Stored eggs
Level LPO, ACAP, LPO, ACAP,
g/kg nmol/mL U.F./mg protein nmol/mL U.F./mg protein
Control 265 +83.5 0.33+0.11° 401 +97.3? 0.24 £0.12°
0.05 125+ 110 1.01+£0.96% 135 + 86.7° 0.41+0.10¢
0.10 239 + 145 0.98 £+ 0.46° 82.6 £17.1° 0.65 £ 0.10°
0.15 191 £54.7 1.10+£0.442 162 + 40.9° 0.80 £0.10°
0.20 170 £ 69.0 1.18 £ 0.30% 149 + 55.1° 1.10+0.11°
Qualitative analysis
P-value 0.058 0.022 <0.001 <0.001
Quantitative analysis
Linear = na 0.004 <0.001 <0.001
Quadratic = na 0.070 <0.001 0.115

Different letters in the same column differ by the Scott—Knott test (P<0.05). na (not analyzed).

ACAP (fresh eggs) = 0.55865+3.61167X (R? 0.169).

LPO (eggs at 28 days of storage) = 383.36-4548.52X+17526.10X? (R? 0.671).
ACAP (eggs at 28 days of storage) = 0.22325+4.19233X (R? 0.915)
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5 CONSIDERACOES FINAIS

O uso de extrato de folhas de araca como aditivo na alimentacdo de aves poedeiras por um
periodo de 28 dias nao afetou o desempenho produtivo das aves, teve efeito positivo sobre a salde das
aves e qualidade dos ovos.

Os resultados sugerem resposta antiinflamatoria celular, isto €, inibicdo da producdo de
leucdcitos. O efeito antioxidante do extrato de folhas de aragazeiro apresentou efeitos positivos sobre
0 status antioxidantes sérico das aves e posteriormente na gema do ovo. Além disso, 0s ovos tiveram
menor peroxidacéo lipidica e maior estabilidade no armazenamento.

Concluimos também que o consumo de extrato de folhas de aragazeiro pelas galinhas tem efeito
antimicrobiano no intestino das aves, o que resultou em uma menor contaminacdo da casca dos ovos
pela bactéria patogénica responsavel por causar a colibacilose em animais e humanos e confirmamos
que presenca dos compostos antioxidantes nas racdes melhora a satde intestinal das aves.

Portanto, novos estudos com foco no desempenho zootécnico a longo prazo devem ser
realizados, pois como o consumo de extrato de folhas de aracazeiro teve efeitos benéficos a salde das
aves e qualidade dos ovos, ndo podemos descartar efeitos indiretos da suplementacao, isto €, aves mais

saudaveis produzirdo mais em periodos maiores de uso.
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