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SUBPRODUTOS DA ACEROLA NA DIETA DE FRANGOS DE CORTE

RESUMO - O subproduto de acerola € uma rica fonte de compostos bioativos que
apresentam alta atividade antioxidante. No presente estudo, o desempenho produtivo,
a populacdo microbiana cecal, as caracteristicas da carne, os parametros bioquimicos
e a atividade antioxidante e oxidante sérica de frangos de corte alimentados com racéo
adicionada de farelo de subproduto de acerola (FAC), como um ingrediente
alternativo, foram comparados com 0s mesmos parametros de frangos de corte
alimentandos sem adicdo de FAC mas com agente melhorador de desempenho
(AMD) e antioxidante sintético (AS). As dietas experimentais foram: controle positivo
(CP), contendo 0,007% de sulfato de colistina 8% (AMD) e 0,01% de
butilhidroxitolueno (BHT) (AS), controle negativo (CN), sem AMD, AS ou FAC, dieta
com 5% de FAC (AC 5%) e dieta com 7,5% de FAC (AC 7,5%). Cento e sessenta
pintinhos (Cobb 500) foram vacinados com a vacina Livacox T, via ocular e distribuidos
aleatoriamente em 16 boxes, com 4 repeti¢cdes por tratamento, contendo 10 aves em
cada. Os animais foram. Parametros produtivos foram mensurados semanalmente até
42 dias de idade, quando os animais foram abatidos e a carne, o sangue e o contetdo
cecal foram coletados para as andlises de cor/rancidez oxidativa, a contagem da
populacdo bacteriana cecal, 0s parametros bioquimicos e o0 status
oxidante/antioxidante sérico. Nao houve diferencas para ganho de peso, consumo de
racdo e conversao alimentar entre os diferentes grupos, assim como para 0S
rendimentos de carcaca e o peso vivo. Apenas o grupo AC 5% apresentou aumento
de bactérias lacticas no ceco. A cor do peito e a peroxidacao lipidica da coxa nao
diferiram entre os grupos. Os grupos que receberam FAC apresentaram alta
concentracéo seérica de albumina e proteinas totais, enquanto ndo houve diferenca
para as concentragdes de globulina e a para a proporc¢ao albumina:globulina entre os
grupos, assim como para as concentracdes séricas de AST, ALT, GGT, creatinina e
acido uarico. O colesterol total foi menor nos animais alimentados com FAC, nao
diferindo do grupo CP. Os grupos CP, AC 5% e AC 7,5% apresentaram alta

capacidade antioxidante total, mas sem diferenca para capacidade oxidante total e



peroxidacgéo lipidica. Concluiu-se que a adi¢cdo de FAC na dieta de frangos de corte
melhorou o potencial antioxidante sem prejudicar o desempenho produtivo, a saude e
mantendo a populacdo microbiana cecal e as caracteristicas da carne. O uso do
subproduto de acerola como um ingrediente alternativo na dieta de frangos de corte
pode atender a demanda a substituicdo de AMD e AS na producéo de frangos de corte

e ainda colabora para a sustentabilidade.

Palavras-Chave: substancia para melhoria do desempenho, antioxidante, estresse

oxidativo, residuo industrial, frango,



ACEROLA BYPRODUCTS IN BROILER CHICKENS DIETS

SUMMARY - Acerola byproducts are a rich source of bioactive compounds with high
antioxidant activity. In the present study, productive performance, bacterial caecal
population, meat characteristics, biochemical parameters and serum antioxidant status
of broilers fed acerola byproduct (ACM) as an alternative ingredient were compared
with the same parameters of broilers fed diets with no ACM but with antimicrobial
growth promoters (AGP) and synthetic antioxidant (SA). The experimental diets
comprised: positive control (PC), containing 0.007% colistin sulfate 8% (AGP) and
0.01% butylated hydroxytoluene (BHT) (SA) and no ACM; negative control (NC),
without AGP, AS or ACM; diet with 5% ACM (AC 5%); and diet with 7.5% ACM (AC
7.5%). One hundred sixty one day old Cobb 500 male chicks were vaccinated with
Livacox T via ocular and randomly distributed into 16 pens. Four repetitions were
performed, with ten birds per pen. used in the experiment. Productive parameters were
measured weekly until day 42, when the broilers were slaughtered and the meat, the
blood and the caecal contents were collected for the analyses of oxidative rancidity
and color of the meat, serum oxidant/antioxidant status and caecal bacterial population
counts. There were no differences among the treatments regarding to feed intake,
body weight gain and feed conversion, as well as to dressing percent and live weight.
Only ACM at 5% caused an increase in the caecal lactic bacteria count. Breast color
and thigh lipid rancicity did not differ among the groups. Groups fed ACM had higher
serum albumin and total protein, although there were no differences in globulin and
albumin:globulin ratio among the experimental diets, as well as to serum concentration
of AST, ALT, GGT, creatinine and uric acid. Total cholesterol was lower in the animals
fed ACM, with no differences to PC. Groups PC, ACM 5% and ACM 7.5% had higher
serum antioxidant activity but similar oxidant activity and lipid oxidation. It was
concluded that the addition of ACM into broilers diets improved the birds antioxidant
status without harming their performance and health and maintaining the caecal
microflora and the meat characteristics. The use of acerola byproduct as an alternative



ingredient in broilers feeding may reach the demand for the substitution of AGP and
SA in poultry production and still collaborates to sustainability.

Keywords: antibiotic growth promoter, antioxidant, industrial residue, oxidative stress,
broiler chicken
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CAPITULO 1 - CONSIDERACOES GERAIS

1. INTRODUCAO

Atualmente a populacdo mundial é de 7,2 bilhdes de pessoas e estima-se um
aumento para 9,7 bilhdes de pessoas em 2050 (UNITED NATIONS, 2015). Um maior
aumento de consumo de carnes € observado em paises com alta taxa de aumento
populacional (OECD; FAO, 2017). Até 2026, projeta-se um aumento de 13% na
producdo mundial de carnes, sendo a carne de frango a maior responsavel por esse
crescimento, por ser uma proteina animal mais viavel economicamente comparando-
se a carnes vermelhas (OECD; FAO, 2017). O milho e a soja, principais alimentos
utilizados nas dietas de frangos (YEGANI; KORVER, 2008) e de outros animais, sao
também utilizados na dieta do homem, criando uma competicdo pelo uso desses
alimentos (CAST, 2013). Além disso, devido a lei de oferta e demanda, os precos
dessas commodities podem sofrer muitas flutuacdes, acarretando em aumento dos
custos da producdo animal, em vista que a dieta representa grande parte do custo
total (CNA, 2017).

Com o aumento da populacdo mundial e a necessidade de aumento da
producdo de alimentos, deve-se comecar a pensar na utilizacdo de subprodutos
industriais na dieta de animais, caso contrario, a oferta de alimentos para a populacéo
sera insuficiente para a demanda. A industria de alimentos, além de atender ao
aumento da necessidade dos alimentos, deve também buscar uma producao
sustentavel, preservando, assim, 0 ambiente para geracgdes futuras.

O Brasil € o terceiro maior produtor mundial de frutas (REETZ et al., 2015), com
previsdo de aumento nas exportagcdes em 25% nos proximos anos (FURLANETO;
NASSER, 2015). A industrializacdo de frutas, assim como de outros vegetais, gera
grande quantidade de residuos agroindustriais. A busca por alternativas de descarte
de residuos, viaveis econdmica e ambientalmente, € extremamente interessante para

a industria (OLIVEIRA et al., 2009). Uma das possibilidades de reaproveitamento
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desses subprodutos € o uso na alimentagdo animal (MUSTAFA; BAURHOO, 2016),
sendo que diversos subprodutos de frutas, como de manga (VIEIRA et al., 2008), uva
(VIVEROS et al. 2011) e acerola (ZANETTI et al., 2011) ja foram utilizados na dieta
de frangos de corte. Além de representarem um ingrediente alternativo as
commodities nas formulacdes de dietas animais, 0 uso desses subprodutos pode
beneficiar economicamente a cadeia do processamento de frutas, além de colaborar

para uma producado sustentavel.

2. REVISAO DE LITERATURA

2.1 Producéo de frango de corte

A producdo mundial de aves continuara fortalecendo sua dominancia frente ao
complexo de carnes. O curto periodo de producdo permite que sejam feitos ajustes
em relacdo as demandas do mercado, assim como permite rapido progresso na
genética, na saude dos animais e também nas formula¢des das dietas (OECD; FAO,
2017).

Adicionalmente, a carne de frango foi considerada a fonte de proteina animal
preferida pelos consumidores em 2016, sendo que seu consumo aumenta
independentemente de regido ou nivel de renda (OECD; FAO, 2017). Isso pode ser
explicado pelo fato da carne de frango representar uma proteina de alto valor
bioldgico, uma carne magra e ser uma proteina de fonte animal de baixo custo (CNA,
2017).

Em 2017, projeta-se que a producéo brasileira de frango atingira 14 milhdes de
toneladas. Assim, o Brasil se consolidara, pelo segundo ano consecutivo, como
segundo maior produtor mundial (CNA, 2017) e espera-se que, até 2026, o pais
ultrapasse os Estados Unidos nesse ranking (OECD; FAO, 2017).

A legislacdo de muitos paises ainda permite a adicdo de alguns antibiéticos

como agentes melhoradores de desempenho (AMD) nas ra¢fes de frangos de corte,



19

inclusive os Estados Unidos e o Brasil, os dois maiores produtores mundiais (MARON
et al.,2013). Entretanto, com o aumento da conscientiza¢cdo do uso de antibibticos,
tem-se notado uma preferéncia dos consumidores por carnes livres de AMD (OECD;
FAO, 2017). Os dados sobre o impacto econdmico na producao animal com a restricao
ao uso de AMD sao limitados; apenas produtores de alguns paises, como a Dinamarca
e a Suécia, pioneiros no controle dessas substancias, sugerem que a producao livre
de AMD pode ser implantada com minimas consequéncias econdémicas para a

indUstria ou para a saude dos animais (MARON et al., 2013).

2.2 Qualidade da carne

As caracteristicas sensoriais de um alimento sdo essenciais para a aceitacao
do consumidor, sendo algumas decisivas no momento de compra, tais como a cor e
0 aspecto, outras no momento do consumo, tais como o sabor e o aroma.

A carne crua fresca de frango apresenta um odor caracteristico, que remete ao
acido latico. Porém, com o armazenamento prolongado, especialmente em condi¢cfes
desfavoraveis, outros odores comecam a se desenvolver, em funcdo de reacdes
guimicas e enziméticas, de carater intrinseco ou de origem microbiana (HORSTEIN;
WASSERMAN, 1994). A rancidez oxidativa, por exemplo, resulta em alteracdes
indesejaveis de sabor e odor, além de provocar a reducdo do valor nutritivo e a
formacao de substancias potencialmente téxicas em alimentos que possuem acidos
graxos insaturados, que sao os substratos dessa reacdo (PEREDA et al., 2005). Essa
reacao € considerada a principal responsavel pela perda de qualidade da carne de
frango durante o processamento e o armazenamento (FALOWO et al., 2014).

Para suprir a necessidade energética dos frangos, resultante de constantes
aprimoramentos genéticos, € comum a administracdo de o6leos vegetais contendo
acidos graxos (AG) com distintos graus de insaturagdo nas dietas desses animais,
(FELLENBERG; SPEISKY, 2006; LOETSCHER et al., 2013). Nos monogastricos, 0s
acidos graxos da dieta sdo absorvidos e depositados nos tecidos sem sofrer

modificacdes significantes (THERON, 2002). Por isso, a administracdo de acidos
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graxos poli-insaturados (AGPI) na racéo das aves representa uma forma de aumentar
a concentracao desses AG na carne, que sdo, reconhecidamente, benéficos para a
saude humana (LOETSCHER et al., 2013).

No entanto, o elevado namero de ligac6es duplas dos AGPI torna a carne de
frango altamente susceptivel a oxidacdo lipidica (FALOWO et al., 2014,
FELLENBERG; SPEISKY, 2006). A reacdo pode ser minimizada pela presenca de
antioxidantes, porém, baixas temperaturas ndo detém sua ocorréncia, que pode se
estender durante o armazenamento do alimento em temperaturas de refrigeracao ou
congelamento (PEREDA et al., 2005).

A cor de um alimento resulta da presenca de substancias coloridas ja existentes
no produto natural, ou da adi¢do de corantes, sintéticos ou naturais (RIBEIRO et al.,
2007). Os carotenoides estdo entre os compostos quimicos sintetizados por plantas,
algas e alguns microrganismos, capazes de conferir cores aos alimentos, que variam
do amarelo ao vermelho (BHOSALE; BERNSTEIN, 2005). Em tecidos animais, eles
aparecem como consequéncia da deposicdo em tecidos-alvos, uma vez que 0s
animais sao incapazes de sintetizar seus proprios carotenoides, dependendo
totalmente da ingestéao pela dieta para seu suprimento (BREITHAUPT, 2007).

Carotenoides podem ser adicionados as dietas animais a fim de melhorar a cor
dos produtos e aumentar a atratividade para os consumidores (BAKER; GUNTHER,
2004). Mas, além do papel de corantes de alimentos, a alguns carotenoides podem
ser atribuidas propriedades antioxidantes, importantes para diminuir a deterioracéo do
produto causada pela oxidacgao lipidica (BHOSALE; BERNSTEIN, 2005).

2.3 Antioxidantes sintéticos

A adicdo de antioxidantes sintéticos (AS) as racfes de frangos de corte é
comum visando a prevencdo da rancificacdo da ragdo e, também, da carne
(LOETSCHER et al., 2013), além de promover efeitos benéficos para o sistema
antioxidante sistémico do animal (FELLENBERG; SPEISKY, 2006). A legislacéo

brasileira permite o uso de alguns antioxidantes sintéticos, como BHT
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(butilhidroxitolueno) (méximo de 1000 mg/kg da dieta total), TBHQ (terc-
butilhidroquinona (sem restricdes) e BHA (butilhidroxianisol) (méximo de 1000 mg/kg
da dieta total) (BRASIL, 2011).

Atualmente, existe uma busca por antioxidantes naturais, devido os efeitos
toxicolégicos que AS podem causar para a saude humana e animal (BRENES et al.,
2008; KARRE et al., 2013; TAGHVAEI; JAFARI, 2015). Estudos anteriores buscaram
avaliar a substituicdo de aditivos sintéticos na alimentacdo animal por compostos
naturais, como subprodutos de uva e alecrim, avaliando o efeito na diminuicdo da
rancidez oxidativa da carne (LOETSCHER et al., 2013) e também melhora no status
antioxidante sérico (BRENES et al., 2008), sugerindo assim que as substancias
naturais, presentes nesses subprodutos, podem apresentar potencial antioxidante
semelhante a aditivos sintéticos.

A fim de satisfazer os consumidores que buscam produtos isentos de residuos
prejudiciais a saude humana, as industrias avicolas tém especial interesse por

antioxidantes naturais que possam substituir os sintéticos (GIANNENAS et al., 2010).

2.4 Agentes melhoradores de desempenho

Os agentes melhoradores de desempenho (AMD) sao antibibticos
administrados na dieta de animais, em niveis subterapéuticos, para promover
crescimento e melhorar a eficiéncia alimentar (NIEWOLD, 2007). O uso indiscriminado
de antibiéticos, ndo s6 em tratamentos de animais como também de seres humanos,
tem aumentado o numero de bactérias resistentes a essas substancias, sendo
crescente assim a preocupacdo com a saude publica. Dessa forma, tem aumentado
a restricdo ao uso de antimicrobianos como AMD em dietas de animais (BAURHOO
et al., 2007; LILLEHOJ; LEE, 2012; NIEWOLD, 2007).

A Unido Europeia baniu a utilizacdo de AMD em 2006 e diversos paises
também vém proibindo e/ou restringido seu uso (MARON et al., 2013). A legislacéo
brasileira autoriza o0 uso de alguns antibioticos como melhoradores de desempenho

na formulagcdo de ragbes para frangos de corte (BRASIL, 2015), dentre eles a
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avilamicina, a bacitracina de zinco, o halquinol e a virginiamicina. A colistina era
permitida na dieta de frangos de corte, de 2 a 10 ppm durante a fase iniciale de 2 a5
ppm nas fases de crescimento e terminacdo, sendo o sulfato de colistina 8%
administrada de 25 a 125 g/tonelada de racdo (BRASIL, 2011). Entretanto, a Instrucéo
Normativa n° 45, de 22 de novembro de 2016, proibiu a importacéo e a fabricacdo
dessa substancia em territorio nacional (BRASIL, 2016).

Para continuar expandindo seu mercado, a industria nacional deve se adequar
as exigéncias internacionais, o que torna imprescindivel a busca por alternativas
alimentares que possam agir similarmente aos AMD, sem causar prejuizo ao
desempenho produtivo dos animais.

O mecanismo de acado que leva a melhora no desempenho produtivo pelos
AMD ainda ndo é bem elucidado. A teoria mais aceita € que os AMD modificam
diretamente a microbiota intestinal (COSTA et al., 2017; DIBNER; RICHARDS, 2005),
por meio de mecanismos como reducdo da competicdo por nutrientes, diminuicdo da
producdo de substancias deletérias para o hospedeiro pela microbiota intestinal e
reducdo de patdégenos oportunistas, o que resulta em um epitélio intestinal mais fino
e aumenta a absorcéo de nutrientes (DIBNER; RICHARDS, 2005).

Todavia, o efeito na microbiota intestinal tem sido contestado (COSTA et al.
2011; NIEWOLD, 2007), onde pesquisadores sugerem que os AMD atuam como
imunomoduladores no epitélio intestinal, diminuindo o processo inflamatério e a
producédo de radicais livres (RL) (NIEWOLD, 2007). Assim, o animal poupa energia
para utilizar em processos anabolicos envolvidos no crescimento muscular, além de
se tornar menos susceptivel a doencas (GESSNER et al., 2016).

Com a retirada dos AMD das formulacBes dietéticas animais, torna-se
necessaria a busca por substancias que possam estimular a saude animal,
beneficiando assim o desempenho produtivo dos mesmos. Alguns estudos avaliaram
o efeito de diferentes substancias, como subprodutos vegetais, extratos de plantas e
prebibticos, no desempenho produtivo de frangos de corte, em comparagdo com AMD.
Viveros et al. (2011) compararam subprodutos de uva, na forma de farelo e extrato da
semente, com o AMD avoparcina, e observaram que nao houve diferenca do

desempenho produtivo entre a forma farelada e o AMD. Baurhoo et al. (2007)
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compararam o0s prebidticos lignina e mananoligossacarideos com o AMD
virginiamicina e também n&o observaram diferenca na converséo alimentar entre os

tratamentos.

2.5 Subproduto da acerola

Os subprodutos da acerola sdo oriundos do processamento da fruta para a
obtencdo de polpas, sendo compostos, principalmente, por cascas e sementes. O
processamento origina grandes quantidades de residuos que, frequentemente, sdo
descartados em locais inapropriados, tornando-se uma fonte de poluicdo para 0 meio
ambiente (CAETANO et al., 2011).

A andlise bromatolégica do farelo de subproduto de acerola (FAC) mostra que
esse produto é rico em fibras, com aproximadamente 43,34% de fibra bruta (ZANETTI
et al., 2014). A adicao de niveis moderados de fibra na dieta de frangos de corte pode
beneficiar a saude intestinal, o desenvolvimento da moela e a performance dos
animais (JIMENEZ-MORENO et al., 2016; LOETSCHER et al., 2013; MATEOS et al.,
2012).

Além de ser um subproduto rico em fibras, as cascas e as sementes da acerola
possuem mais compostos bioativos que a propria polpa (CAETANO et al., 2011,
SILVA et al.,, 2014). Dentre os compostos bioativos, destacam-se 0s compostos
fendlicos. Essas substancias sdo oriundas do metabolismo secundario de plantas e
contém um ou mais anéis aromaticos, variando no numero de hidroxilas (ABUAJAH
et al., 2015). Dentre esses compostos, podem ser encontradas altas quantidades de
proantocianidinas, acido ascorbico, flavondis (catequinas, quercetina e kaempferol) e
antocianinas (CORREIA et al., 2011; SILVA et al., 2010). Os compostos fendlicos
apresentam diversas atividades biolégicas, como antioxidante, antitumoral, antiviral e
antimicrobiana (APAK et al., 2007; HUSSAIN et al., OLIVEIRA et al., 2009; VIVEROS
et al., 2011). Estudos relatam o beneficio da adicdo de compostos fendélicos na dieta
para o desempenho produtivo de animais (STARCEVIC et al., 2014).
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Além dos compostos fendlicos, também os carotenoides fazem parte dos
compostos bioativos presentes no FAC (SILVA et al., 2014). Ha diversos pigmentos
carotenoides na acerola, sendo que o [-caroteno, a B-criptoxantina e a luteina os
principais encontrados na fruta (MEZADRI et al.,2004; ROSSO et al., 2005). Assim
como os compostos fendlicos, os carotenoides apresentam capacidade antioxidante,
podendo ambos agir sinergicamente (SURAI, 2007). A alta atividade antioxidante
atribuida ao FAC tem sido associada a presenca de altas quantidades desses
compostos bioativos (CAETANO et al., 2011; CORREIA et al., 2011; OLIVEIRA et al.,
2009).

Apesar da reconhecida quantidade de compostos bioativos no FAC, pouco se
sabe sobre os efeitos dessas substancias nos animais, inclusive se estes sédo capazes
de absorver esses compostos. E de se esperar que a atividade antioxidante promovida
pelas substancias fitoquimicas presentes no subproduto da acerola possam auxiliar

na diminuicdo da inflamacéo e do estresse oxidativo no epitélio intestinal.

2.6 Estresse oxidativo

Substancias oxidantes sdo geradas em processos enddgenos como também
podem ser adquiridas de fontes exdgenas (SURAI, 2007; WINTERBOURN, 2008). As
principais substancias oxidantes sao algumas espécies reativas de nitrogénio (ERN)
e as algumas espécies reativas de oxigénio (ERO), que sao radicais livres (RL),
substancias com espécies quimicas com um ou mais elétrons desemparelhados,
sendo assim altamente instaveis (HARVEY, 2008),

Dentre as fontes endogenas, pode-se citar o metabolismo normal, que
constantemente produz RL gerados durante a respiracdo celular nas mitocéndrias
(WINTERBOURN, 2008). Também o0s metais de transi¢cdo, essenciais para 0s
organismos, podem produzir RL através da reagcdo de Fenton, que consiste na
interacéo com peroéxido de hidrogénio (H202) levando a producéo do radical hidroxila
(FELLENBERG; SPEISKY, 2006; ROCHE et al., 2008). Outro mecanismo gerador de

substancias oxidantes € a fagocitose, principal mecanismo de destruicdo de
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patégenos (SURAI, 2007) exercido por macréfagos. Durante a “exploséo respiratoria”
que a caracteriza, os produtos gerados sao toxicos tanto para as préprias células do
hospedeiro quanto para os micro-organismos invasores (WEISS; WALCHECK, 2008).

A principal fonte exdgena de substancias oxidantes é a dieta, principalmente
quando contém Oleos vegetais ricos em AGPI. Além disso, doengas, vacinacdes e
altas temperaturas sdo fontes de estresse para os animais, também gerando RL
(SURAI, 2007).

O principal mecanismo de acao dos antioxidantes consiste na remocao de RL
(FAEHNRICH et al., 2015; FELLENBERG; SPEISKY, 2006) e também no sequestro
de metais de transic¢ado, inibindo assim a producao de RL (HUSSAIN et al., 2016). O
sistema antioxidante € formado por diferentes sistemas: enzimaticos e néo
enzimaticos, como tocoferois (vitamina E), acido ascorbico (vitamina C), carotenoides
(B-caroteno), acido urico, glutationa e polifenois, além de proteinas que se ligam a
metais de transicdo (APAK et al., 2007; GESSNER et al., 2016; SURAI, 2007).

Apesar dos RL serem essenciais para varios processos fisioldgicos e para o
combate a micro-organismos (SURAI, 2007), quando o sistema antioxidante nao
consegue neutralizar o excesso de substancias oxidantes, inicia-se 0 estresse
oxidativo (APAK et al., 2007; EREL, 2005; GESSNER et al., 2016; HUSSAIN, 2016).
O estresse oxidativo tem sido reportado como um dos principais estimulos para o
desencadeamento do processo inflamatorio (HUSSAIN et al., 2016) e os préprios
produtos de células envolvidas na inflamacédo produzem RL, iniciando-se assim um
ciclo vicioso entre estresse oxidativo e inflamacgéo (GESSNER et al., 2016). O excesso
de compostos oxidantes pode danificar lipideos, proteinas e acidos nucleicos
(FELLENBERG; SPEISKY, 2006; HUSSAIN et al.,, 2016), levando a diversas
patologias que prejudicam o crescimento animal (TRAESEL et al., 2011).

A constante exposicdo do organismo a compostos oxidantes tem sido
relacionada a causa de diversas doencas crénicas (HUSSAIN et al., 2016). Em
frangos de corte, devido ao curto periodo de producédo, o aparecimento de doencgas
cronicas é improvavel; entretanto, a inflamagcdo continua representa um custo
energeético para o animal, além de ocorrer um aumento da permeabilidade vascular,

favorecendo, consequentemente, a entrada de moléculas e patdgenos na circulagcéo
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sistémica, levando ao aumento da susceptibilidade a doencas (GESSNER et al.,
2016). Aumentar a ingestéo de antioxidantes dietéticos é considerado a melhor forma
para prevenir o estresse oxidativo (SURAI, 2007).

A atividade antioxidante total permite uma visédo global do sistema e pode ser
mensurada pela analise de biomarcadores, como vitamina E, carotenoides, glutationa
peroxidase, selénio, entre outros, como também por um conjunto de métodos
caracterizados como capacidade antioxidante total (TAC) (RUBIO et al., 2016). A TAC
determina a atividade antioxidante em amostras bioldgicas, em condicbes pré-
estabelecidas, usando diferentes oxidantes em cada caso (APAK et al.,, 2007).
Existem diferentes técnicas para a avaliagdo da TAC, ndo existindo, ainda, um método
de referéncia. Dentre os métodos, estdo o do cation acido 2,2'-azino-bis 3-
etilbenzotiazolina-6-sulfonico (ABTS) e o de reducdo do cobre (CUPRAC) (EREL,
2004; RUBIO et al., 2016).

No método ABTS, substancias antioxidantes presentes na amostra analisada
inibem a oxidacdo dos substratos presentes nos reagentes, impedindo a mudanca de
cor do meio (EREL, 2004). A técnica de CUPRAC avalia a capacidade da amostra em
reduzir Cu*? a Cu*!, na presenca de agentes quelantes (RUBIO et al.,2016).

Também nao existe uma técnica padréo e de referéncia para a determinacao
de substéncias oxidantes. O peréxido de hidrogénio e o hidroperoéxido lipidico, que
sdo substancias altamente oxidantes, sdo 0s principais compostos avaliados na
determinacdo da capacidade total oxidante (TOC) (EREL, 2005). O método de
substancias reativas ao &cido tiobarbitarico (TBARS) mensura os niveis de
malondialdeido e outros produtos finais da peroxidacao lipidica (HUNTER et al.,
1985). A técnica de TBARS pode ser utilizada tanto para amostras biol6gicas, como

soro, como para amostras de carne.

2.7 Parametros bioquimicos

As atividades biologicas promovidas pelos diversos compostos bioativos

podem trazer beneficios para a saude dos animais (ABBASI et al., 2015). A avaliagdo
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dos parametros bioquimicos € importante para avaliar o estado de saude geral das
aves (CAMPBELL, 2015; SASIPRIYA; SIDDHURAJU, 2013).

A albumina é uma proteina que possui grande importancia bioldgica,
transportando metais, acidos graxos, colesterol, pigmentos biliares e drogas
(ECKERSALL, 2008; ROCHE et al., 2008). Devido ao fato de se ligar a metais de
transicdo e acidos graxos poli-insaturados, ela é considerada o principal e 0 mais
abundante antioxidante plasmatico (ECKERSALL, 2008; ROCHE et al., 2008). Em
aves, a albumina corresponde a maior fracdo das proteinas totais e sua mensuracéo
auxilia no diagnostico de doengas renais e hepéticas, além de seu aumento ser
patognomonico de desidratacdo (HARR, 2006).

A concentracdo de proteinas totais € influenciada pelo teor de albumina e
globulina e a proporcao albumina:globulina (A:G) € clinicamente mais importante para
a avaliacao de processos inflamatérios que os valores de proteinas totais (LUMEIJ,
2008). Nesses processos, as proteinas de fase aguda e as imunoglobulinas
aumentam, enquanto que a albumina diminui, resultando em uma diminuicdo da
proporcao A:G (HARR, 2006).

A avaliacdo do perfil enzimatico em aves nao fornece uma resposta especifica
a funcdo de apenas um 06rgdo, sendo possivel fazer apenas consideracdes
generalizadas (CAMPBELL, 2015). Os niveis séricos da enzima aspartato
aminotransferase (AST) sdo considerados muito sensiveis para detectar lesbes
hepéticas, embora a enzima ndo seja especifica, podendo também aumentar em
les6es musculares (CAMPBELL, 2015), assim como a mensuracao da enzima alanina
aminotransferase (ALT), que também auxilia na avaliacdo de lesdo hepética e
muscular. A enzima gama-glutamil transferase (GGT) esta relacionada a danos nos
ductos biliares (HARR, 2006).

Os niveis séricos de creatinina e acido urico fornecem uma avaliacdo geral
referente a funcéo renal (LUMEIJ, 2008; SASIPRIYA; SIDDHURAJU, 2013). O &cido
arico é o principal produto final do metabolismo do nitrogénio em aves (LUMEIJ, 2008)
e alteracbes na concentracdo desse metabdlito também podem ser referentes a
hidratacdo do animal. O aumento da creatinina ocorre apenas quando mais de 70%

da funcao renal estiver afetada ou comprometida (LUMEIJ, 2008).
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O colesterol é encontrado apenas em animais, ndo estando presente em
plantas e micro-organismos (BRUSS, 2008). O teor de colesterol é afetado por fatores,
como genéticos, idade, sexo, condicbes ambientais, alimentar, sendo que
componentes da dieta, como carboidratos e vitamina C, que podem reduzir o
colesterol de aves (ABBASI et al., 2015). Na maioria das espécies de aves, a
concentracéo normal de colesterol no plasma varia de 100 a 250 mg/dL (CAMPBELL,
2015).

3. HIPOTESE GERAL

Investigar se a utilizacdo do FAC como um ingrediente alternativo na dieta de
frangos de corte afeta o0 desempenho produtivo, a qualidade da carne, o estado de
saude das aves e o potencial antioxidante e oxidante no soro de frangos de corte.
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CAPITULO 2 — ARTIGO CIENTIFICO: ACEROLA BYPRODUCT IMPROVES
THE ANTIOXIDANT STATUS OF BROILER CHICKENS VACCINATED
AGAINST COCCIDIOSIS

ABSTRACT Acerola byproducts are a rich source of bioactive compounds with
high antioxidant activity. In the present study, productive performance, bacterial
caecal population, meat characteristics, biochemical parameters and serum
antioxidant status of broilers fed acerola byproduct (ACM) as an alternative
ingredient were compared with the same parameters of broilers fed diets with no
ACM but with antimicrobial growth promoters (AGP) and synthetic antioxidant
(SA). The experimental diets comprised: positive control (PC), containing 0.007%
colistin sulfate 8% (AGP) and 0.01% butylated hydroxytoluene (BHT) (SA) and
no ACM; negative control (NC), without AGP, AS or ACM; diet with 5% ACM (AC
5%); and diet with 7.5% ACM (AC 7.5%). One hundred sixty one day old Cobb
500 male chicks were vaccinated with Livacox T via ocular and randomly
distributed into 16 pens. Four repetitions were performed, with ten birds per pen.
used in the experiment. Productive parameters were measured weekly until day
42, when the broilers were slaughtered and the meat, the blood and the caecal
contents were collected for the analyses of oxidative rancidity and color of the
meat, serum oxidant/antioxidant status and caecal bacterial population counts.
There were no differences among the treatments regarding to feed intake, body
weight gain and feed conversion, as well as to dressing percent and live weight.
Only ACM at 5% caused an increase in the caecal lactic bacteria count. Breast
color and thigh lipid rancicity did not differ among the groups. Groups fed ACM
had higher serum albumin and total protein, although there were no differences

in globulin and albumin:globulin ratio among the experimental diets, as well as to
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serum concentration of AST, ALT, GGT, creatinine and uric acid. Total
cholesterol was lower in the animals fed ACM, with no differences to PC. Groups
PC, ACM 5% and ACM 7.5% had higher serum antioxidant activity but similar
oxidant activity and lipid oxidation. It was concluded that the addition of ACM into
broilers diets improved the birds antioxidant status without harming their
performance and health and maintaining the caecal microflora and the meat
characteristics. The use of acerola byproduct as an alternative ingredient in
broilers feeding may reach the demand for the substitution of AGP and SA in

poultry production and still collaborates to sustainability.

Key words: antibiotic growth promoter, antioxidant, industrial residue, oxidative

stress, broiler chicken

INTRODUCTION

The world’s population will increase to more than 9.7 billion until 2050
(United Nations, 2015). Many food ingredients utilized in animal feed are part of
human diets too, like corn and soy. Therefore, there is a competition for these
ingredients. Animal production will have to increase sustainably in the next
decades to meet the global demand for animal protein (CAST, 2013).

Acerola byproduct meal (ACM) arise from the making of the fruit pulp and
are mainly made of peels and seeds. ACM contains large amounts of bioactive
substances like  phenolic  compounds, anthocyanins, flavonoids,
proanthocyanidins, carotenoids and vitamin C, which impart it a high antioxidant

activity in vitro (Caetano et al., 2011; Sousa et al., 2011; Correia et al., 2011).
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Animal metabolism constantly generates oxidant substances called free
radicals (FR) from mitochondrial respiration (Winterbourn, 2008); from Fenton
reaction, that is the reaction of transition metal ions with hydrogen peroxide
(H202), leading to the production of deleterious hydroxyl radical (Apak et al.,
2007; Roche et al., 2008; Winterbourn, 2008), as well as from the phagocytosis
performed by macrophages (Surai, 2007). Oxidant substances may also arise
from dietary factors, like the vegetal oils used in the animal feed (Gessner et al.,
2016), besides from diseases, vaccination and temperature variations which
perform as sources of stress (Surai, 2007).

When the animals™ antioxidant system is not capable of neutralizing the
excess of oxidant substances, the oxidative stress starts. Although this process
is important to the normal organism physiology, it is recognized to cause damage
to lipids, proteins and nucleic acids, and to initiate a vicious cycle together with
the inflammatory process (Apak et al., 2007; Gessner et al., 2016; Hussain,
2016).

Synthetic antioxidants (SA) are commonly added to broiler chicken diets
to prevent the lipid rancidity of the fed and, consequently, of the meat (Loetscher
et al., 2013) and may also exert a systemic antioxidant function (Fellenberg and
Speisky, 2006). However, the toxicological effects that SA can cause to human
and animal health have increased the demand for natural antioxidants (Brenes et
al., 2008; Karre et al., 2013).

The growing concern about public health regarding to antimicrobial
resistance has narrowed the use of antibiotics growth promoters (AGP) in animal
diets (Baurhoo et al., 2007; Lillehoj and Lee, 2012), what promotes the search for

alternatives that stimulate the health without causing damage to the animals
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productive performance. Although AGP have been used since long times, to date,
its mechanism of action is not well established. Some studies state that they act
by altering the intestinal microbiota (Dibner and Richards, 2005; Costa et al.,
2017) and some others state that they act like immunomodulators on the
intestinal ephitelium, by depressing inflammatory processes and the production
of FR (Niewold, 2007; Costa et al., 2011), so allowing the animal to save energy
to combat inflammation and decreasing its susceptibility to infections caused by
bacteria from the intestine (Gessner et al., 2016).

Considering the need for increasing broiler chicken production and the fruit
residues generation, the aim of this study was to evaluate if the bioactive
compounds of ACM are capable to affect the broilers productive performance,

health and oxidant status well as the meat characteristics.

MATERIAL AND METHODS
Acerola Byproduct
Ground dehydrated acerola byproduct was provided by a company that
produces frozen fruit pulp and processes their byproducts. ACM composition
(Table 1) was inserted in the Practical Program for Rations Formulation (PPFR)
and the diets were formulated according to the nutritional requirements
recommended by Rostagno et al. (2011), at 5% and 7.5%, except for pre initial

phase (Table 2).

Animals And Experimental Diets
The housing and breeding procedures used were approved by the Ethics

Committee on the Use of Animals — UNESP (CEUA/FOA 1058-2015). One
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hundred sixty one day old Cobb 500 male chicks were weighed and randomly
distributed into 16 pens (0.6 x 1.5 x 3.0 m; high x wide x long) provided with
shaving bedding, 400 W heat lights (until 14 days) and eaters and drinkers of
adaptable highness. The trial was conducted in a brick made barn acclimatized
by an adiabatic evaporative cooling system with negative pressure ventilation
during 42 days (Oct to Dec 2016). Pre initial (1 — 7 d), initial (8 — 21 d), growing
(22 — 35 d) and final (36 — 42 d) diets and water were supplied ad libitum during
the raising.

The experimental diets comprised: positive control (PC), containing
0.007% colistin sulfate 8% (AGP) (Brasil, 2015) and 0.01% butylated
hydroxytoluene (BHT; SA) and no ACM,; negative control (NC), without AGP, BHT
or ACM; ACM at 5% (AC 5%); and ACM at 7.5% (AC 7.5%). All the chicks were
vaccinated via ocular against coccidiosis at the first day of life with Livacox T

(Biopharm, Jilové u Prahy, Praha-zapad, Czech Republic).

Productive Performance

Animals and diets were weighed weekly to provide data on feed intake
(F1), body weight gain (BWG) and feed conversion (FC). At the 42nd day, three
animals of each repetition (12 animals/treatment) were identified with plastic
washers and left on fasting during 8 hours. Birds were weighted and slaughtered
according to Brazilian sanitary regulations (Brasil, 1998). Carcass weight was
measured after the evisceration and removal of feet, head, neck, viscera and
abdominal fat. Dressing percent was calculated from the carcass weight and live

weight.
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Caecal Bacterial Population

After evisceration, the gastrointestinal tract of one animal from each
repetition (4 birds/treatment) was separated. After tying the cecum ends, they
were packed in plastic bags and stored in refrigeration until the time for the
microbiological analyses. Decimal dilutions in sterile peptone water 0.1% were
prepared and the microbial counts were carried out by pour plate from dilutions
104, 10° and 10°5. For the mesophilic aerobic bacteria count it was used Nutrient
Agar (KASVI, Curitiba, Parana, Brazil), with incubation at 35 °C for 24 h; for the
lactic bacteria count it was used Man, Rogosa and Sharpe Agar (KASVI), with
incubation at 37 °C for 72 h under anaerobiosis and for Escherichia coli count it
was used MacConkey Agar (KASVI), with incubation at 35 °C for 48 h, followed
by biochemical identification using commercial kit Enterokit B (Probac of Brazil,

Séo Paulo, S&do Paulo, Brazil).

Oxidative Rancidity And Color Of The Meat

Breast muscles from each bird were withdrawn for the analysis of color
using the C.LLE. (Commission Internationale de [I'Eclairage) lightness (L*),
redness (a*) and yellowness (b*) system with a portable colorimeter (Hunterlab
model MiniScan XE Plus, Reston, VA, USA), calibrated with white and black
standards. The software settings were D65 for the illuminant and 10° for the
observer angle. TBARS was analyzed according to Vyncke (1970) after 2 (4 °C)

and 7 (-20 °C) days and the results were expressed as mg MDA/g of meat.

Biochemical Parameters And Antioxidant Status
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At bleeding time, approx. 3 mL of blood were collected from all animals for
the determination of the oxidant and antioxidant activities and for the lipid
peroxidation analysis. Total serum antioxidant capacity (TAC) was measured by
different methodologies: 2,2 -azinobis (3-ethylbenzothiazoline-6-sulfonate)
reduction (ABTS) (Erel, 2004) and copper reduction (CUPRAC) (Rubio et al.,
2016), both expressed as mmol Trolox equivalent/L

Serum total oxidant capacity (TOC) was analyzed using xylenol orange,
according to Erel (2005) and the results were expressed as mmol hydrogen
peroxide equivalent/L.

Serum lipid peroxidation was determined by the contents of Thiobarbituric
Acid Reactive Substances (TBARS), as described by Hunter et al. (1985), using
an automatic reader (Robonik, Elisa Plate Analyser, India) at 540 nm and the
results were expressed as pmol malondialdehyde (MDA) equivalent/L.

All the biochemical analyses were accomplished in an automated
biochemical analyzer (BS-200 Chemistry Analyzer. Mindray Bio-Medical
Eletronics Co, Germany), previously calibrated with commercial standards and
controls (BioSystems, Barcelona, Spain). Creatinine was determined with a
kinetic method (alkaline picrate); uric acid with an enzymatic method
(uricase/peroxidase); albumin with the bromocresol green method; total protein
by the Biuret method; total cholesterol by an enzymatic method
(oxidase/peroxidase); alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) with an UV enzymatic method (according to the
International Federation of Clinical Chemistry); and gamma-glutamyl transferase

(GGT) with an UV enzymatic method (urease/glutamate dehydrogenase). All the
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biochemical reactions used commercial reagents (BioSystems, Barcelona,

Spain) and were performed at 37 °C, according the manufacturer’s directions.

Statistical Analysis

Data were subjected to ANOVA using the General Linear Model (GLM)
procedures from SAS (version 9.2, SAS Institute, 2008). For productive
performance, the pen was considered the experimental unity and for the blood,
meat and microbiology analyses each broiler was considered the experimental
unity. For the TBARS measurements, two factors (time and diets, 2 x 4) and the
interaction of these factors were analyzed. When a significant effect (P < 0.05)
was detected in ANOVA, the difference between means was analyzed by
Duncan's test. Colony forming units were transformed in logarithms before the

analysis.

RESULTS
Productive Performance
Data on FI, BWG and FC are presented in Table 3, showing that no
significant difference was found among the treatments, during the 42 days, as

well as to live weight and dressing percent (Table 4) (P > 0.05).

Caecal Bacterial Population
Table 5 presents data on the microbial populations investigated. The lactic
acid bacteria counting was higher in animals from group AC 5% and differed from

AC 7.5% and PC (P = 0.024). Treatments NC, PC and AC 7.5% did not differ
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regarding to this group of microorganism (P > 0.05). No treatments differed for E.

coli and mesophilic aerobic bacteria count.

Oxidative Rancidity And Color Of The Meat

Regarding to rancidity, a slight but no significant increase was found over
storage time in all treatments (P > 0.05; Table 6). However, no effect of the diets
was found at any time (P > 0.05). No difference was found for breast color among

the treatments (P > 0.05; Table 7).

Biochemical Parameters And Antioxidant Status

Albumin and total protein concentrations were higher in the animals that
received ACM (P < 0.001 and P = 0.008, respectively; Table 8). Globulin levels
and albumin:globulin rates did not differ among the treatments. Total cholesterol
was lower in the animals fed ACM (P = 0.008), not differing from PC. There were
no significant differences for creatinine, uric acid, ALT, AST and GGT among the
animals of the different treatments (P > 0.05).

Table 9 presents the results on the antioxidant and oxidant activity in the
animals’ serum. Animals from PC, AC 5% and AC 7.5% showed high antioxidant
activity as measured with the ABTS and CUPRAC methodologies (P = 0.018 and
P = 0.010, respectively). TOC and and TBARS did not detect any difference

among treatments (P > 0.05).

DISCUSSION
Prior to the utilization of alternative feed ingredients in the formulation of

diets, it is necessary to investigate their effects on the animals™ productive
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performance. The ACM inclusion levels tested in this study were chosen based
on the study performed by Zanetti et al. (2014), who described that FC got linearly
worse with the ACM addition (5, 10 and 15% of the diet). Then, we decided to
use moderate ACM addition levels and include phytase enzyme, to decrease the
antinutritional effects of the feed ingredients (Stefanello et al., 2015).

In the present study, the addition of ACM mainly used as a substitute for
the corn, did not impact negatively the FI, the BWG and the FC of the broiler
chickens. These results are consistent to previous reports in which byproducts
rich in fiber were used to feed broiler chickens (Viveros et al., 2011; Loetscher et
al., 2013; Sasipriya and Siddhuraju, 2013; Mustafa and Baurhoo, 2016). The
absence of differences in the performance parameters may be related with the
good hygienic conditions during breeding and with the absence of sanitary
challenges, making unnecessary the use of additives to maximize these
parameters (Niewold, 2007; Baurhoo et al., 2007).

The live weight and the dressing percent did not differ among the
treatments too, what shows that the fibers did not impair the muscular growth.
Previous studies in which byproducts were used in the broiler chicken diets
(Loetscher et al., 2013; Sasipriya and Siddhuraju, 2013) did not report injury to
the animals™ carcass yield too. Therefore, it is suggested that this byproduct can
be utilized as a feed ingredient, collaborating to a reduction in the feed cost, which
represents around 70% of the animal production cost.

The increase of the lactic bacteria count observed at AC 5% group can be
related to the presence of bioactive compounds, since some of these metabolites
are absorbed in the lower intestine; however, some others arrive intact in the

cecum, working as a substrate to microbial populations (Brenes et al., 2008;
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Viveros et al., 2011; Gessner et al.,, 2016), especially the lactic bacteria, that
keeps the ability to metabolize phenolic compounds as an energetic source
(Vieira et al., 2017). Nonetheless, the same was not found for the animals fed AC
7.5%, putting in evidence the complexity of the microflora, which results from the
interaction among animal genetics, diet composition and environment, and may
even vary among animals that receive the same diet (Niewold, 2007; Costa et al.,
2011; Brown et al., 2016).

The color of a food item represents the decision factor for almost 85% of
food consumers (KaiBai et al., 2016), although the preference for the meat color
differs worldwide. In this study, none of the treatments affected the color of the
meat, which may be considered a good finding. The slight increase found for the
thighs TBARS over the time of storage in all treatments was expected, since
refrigeration and freezing do not avoid the lipid oxidation reaction (Pereda et al.,
2005). That represents an important result since the oxidative rancidity is harmful
to the meat shelf life.

The biochemical parameters evaluation is important to indicate the health
status of the animals that received the ACM. Those animals had increased serum
albumin concentration comparing with the control groups, although the levels of
this protein were within the reference interval (Campbell, 2015). Albumin is
considered a protein with high antioxidant activity, due to its ability to connect with
transition metals and polyunsaturated fatty acid (Eckersall, 2008; Roche et al.,
2008); therefore its increase corroborates the improvement of the antioxidant
system caused by ACM. The increase in albumin levels due to dehydration was
discarded in the present study since all animals had the same fasting condition,

with free access to water.
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The total protein increase in groups AC 5% and AC 7.5% can be related
to the increase in albumin concentration. No significant difference was observed
in the concentration of globulin nor for albumin:globulin ratio, what suggests that
the animals did not present acute or chronic inflammation (Harr, 2006; Lumeij,
2008; Campbell, 2015). The absence of differences between the serum
concentrations of AST, ALT and GGT enzymes indicates that the animals did not
have muscular, liver or gall injuries (Harr, 2006). The uric acid and creatinine
levels inside the normality ranges demonstrate that there were not kidney lesions
(Lumeij, 2008; Campbell, 2015).

The animals fed ACM presented lower total cholesterol levels. In previous
study, Dias et al. (2014) reported that the ingestion of acerola juice in broilers
diets caused the improvement of lipids metabolism and correlated that finding
with the presence of high bioactive compounds quantities in the juice. The
mechanism that causes the hypocholesterolemic effect can be linked with the
increase of the fecal excretion of bile acids, provoked by anthocyanins (Liang et
al., 2012).

As ACM partially substituted the corn in the diets, it was necessary to add
soybean oil to achieve the animals’ energy requirements. As soybean oil is highly
unsaturated (Loetscher et al., 2013) and, consequently, acts as a good source of
oxidants (Gessner et al., 2016), it was expected to find a higher concentration of
oxidant species in the serum, as well as a higher lipid peroxidation in the serum
and higher oxidative rancidity in the meat (Brenes et al., 2008), but that was not
found with TOC and TBARS methods, respectively. Therefore, we may suggest
that the antioxidant system of the animals fed ACM was capable of combating

the excess of oxidant substances.
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The higher antioxidant activity found in the serum of PC animals may be
assigned to the presence of both additives, AS and AGP (Fellenberg and
Speisky, 2006; Niewold, 2007). As the results for ABTS and CUPRAC did not
differ among PC, AC 5% and AC 7.5% it is feasible to admit that the antioxidant
activity found in the serum of the animals fed ACM can be assigned to the variety
of bioactive compounds present in this byproduct, like phenolic compounds,
carotenoids and ascorbic acid (Sousa et al., 2011). That allows us to suggest that
the byproduct may act as a substitute for both, AS and AGP.

Oxidative stress results from the unbalance between oxidant and
antioxidant systems that may impair lipids, proteins and nucleic acids (Fellenberg
and Speisky, 2006; Hussain et al., 2016),. In addition, the oxidative stress is
directly linked with chronic inflammation (Gessner et al., 2016), which represents
a high energetic cost to the animal, hindering the use of the energy to anabolic
processes related to the muscular growth (Niewold, 2007; Costa et al., 2011,
Gessner et al., 2016). Moreover, the increase of the intestinal barrier permeability
caused by inflammation favours the passage of microrganims to systemic
circulation, so letting broilers susceptible to infection (Gessner et al., 2016).

Faehrich et al., (2015) state that bioactive compounds can promote
benefits to the animals’ productive performance, well-being and health. Their
main antioxidant mechanism is the removal of free radicals initiators and
propagators related to the oxidative stress (Fellenberg and Speisky, 2006;
Faehnrich et al., 2015, Hussain et al., 2016). In our experiment, we verified that
the high ACM antioxidant capacity, described in vitro, was kept in vivo, allowing
us the suggestion for the use of this byproduct like a natural antioxidant source

to promote benefits to the animal health.
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A limiting factor to the discussion about the use of vegetal byproducts in
animal feeding is the variation in the composition and content of bioactive
compounds, which depends on the plant genetic, solar exposition, ground
characteristics and growth conditions, besides the storage and processing
conditions after the harvest (Faehnrich et al., 2015; Hussain et al., 2016).

In conclusion, the acerola byproduct used in broiler chickens’ diet did not
impair the animal growth and carcass yield, did not affect the meat rancidity and
color, did not cause damage to the animals’ health and still increased the in vivo
antioxidant activity, Therefore, we can suggest the use of acerola byproduct as
an alternative ingredient for feeding broilers, so collaborating to a sustainable

production.
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Table 1. Composition of acerola byproduct

meal

ltem %
Dry matter 100
Moisture 8.25
Crude protein 12.69
Ether extract 1.41
Ash 2.49
Crude fiber 49.92
Nitrogen free extract 33.50
Neutral detergente fiber 70.59
Acid detergente fiber 64.22
Phosphorus 0.11

Calcium 0.55




59

Table 2. Composition of the experimental diets!

Pre starter (1-

7d) Starter (8-21d) Grower (22-35d) Finisher (36-42d)
Ingredient (%) PC NC2 PC NC ACS5% o PC NC AC5% i° NCIPCS ACS% -
Corn (7.88%) 52.02 52.05 57.52 57.56 48.41 43.84 60.29 60.32 51.18 46.60 65.15 5514 50.56
Soybean oil 1.66 1.64 1.89 1.87 458 593 281 280 550 6.86 229 544  6.79
a%%z;a” meal 42.49 4248 37.35 37.35 38.88 39.65 34.10 34.09 3563 36.39 30.36 32.17 32.94
E&%a}s'gg?e 104 104 071 071 072 073 049 048 050 050 016 028  0.29
Salt 053 053 049 049 049 049 046 046 046 046 044 045  0.45
AGP* 0.007 0 0007 O 0 0O 0007 O 0 0 0 0 0
L-Lysine HCI 0.16 0.16 018 018 0.5 0.4 017 017 014 013 019 016 0.14
DL-Methionine 032 032 029 029 030 030 026 026 027 028 024 025 025
L- Threonine 0.05 0.05 004 004 004 004 003 003 003 003 003 003 003
Limestone 117 117 1.02 1.02 094 090 093 093 085 081 082 075 071
Premixs 054 054 048 048 048 048 043 043 043 043 032 032 032
Phytase 001 001 001 001 001 001 001 001 001 001 001 001 001
ACS 0 0 0 0 500 750 0 0 500 750 0 500  7.50
BHT? 00 0 001 O 0 0 001 0 0 0 0 0 0

Composition
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EM (kcallkg) 2960 2960 3050 3050 3050 3050 3150 3150 3150 3150 3200 3200 3200
Crude Protein 240 240 221 221 226 229 208 208 214 217 195 201 204
Ca 10 10 09 09 09 09 08 08 08 0.8 0.7 07 0.7
Total P 06 06 05 05 05 05 04 04 04 0.4 04 04 0.4
Total lysine 14 14 13 13 13 13 12 12 12 1.3 12 12 1.2
Total methionine 07 07 06 06 06 06 06 06 06 0.6 05 05 0.5
Total threonina 10 1.0 09 09 09 09 08 08 09 0.9 08 0.8 0.8
Fat 43 43 46 46 71 83 56 56 80 9.3 52 80 9.3
Crude fiber 32 32 30 30 54 66 29 29 53 6.5 27 52 6.4

1PC= positive control, with synthetic antioxidant (0.01% butylated hydroxytoluene (BHT)) and antibiotic growth promoter (AGP;
0.007% colistin sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control, without BHT, AGP and ACM; AC 5%=
with the inclusion of 5% of ACM, without BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and AGP.

2In the pre starter period, ACM was not provided to any treatment.

3In the finisher period, the controls were just one group, because the antibiotic growth promoter and the synthetic antioxidant
were not used..

4Antibiotic growth promoter: 0.007% colistin sulfate 8%.

SPolimix: vitamin-mineral mix for broiler chickens (Fatec®) supplied the following per kilogram of feed: vitamin (vit.) A 55000.000
Ul; vit. D3 1000.000 UlI; vit. E 6.500 mg; vit. K3 1.250 mg; vit. B1 500 mg; vit. B2 2.500 mg; vit. B6 750 mg; vit. B12 7.500 mcg; Ca
pantothenate 6.500 mg; Niacin 17.500 mg; Biotin 25 mg; Folic acid 250 mg; Mg 32.500 mg; Fe 25.000; Cu 3.000 mg; | 500 mg; Zn
22.500 mg; Co 50 mg; Se 100 mg; Antioxidant 2.000 mg.

SACM: acerola byproduct meal.

’BHT: 0.01% synthetic antioxidant butylated hydroxytoluene.
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Table 3. Effects of the experimental diets! on feed intake (FI), body weight gain
(BWG) and feed conversion (FC) of broiler chickens?

ltem Period PC NC AC5% AC P SEM
7.5% value*
FI (g/bird) la7 140 140 140 141 0999 7.56

lal4 538 583 577 583 0.705 63.44
la21 1283 1339 1370 1395 0.469 102.04
1a28 2288 2342 2405 2497 0.195 133.28
1a35 3604 3645 3657 3757 0.653 174.41
la4d42 5179 5248 5175 5231 0.939 202.26

BWG (g/bird) l1a7 116 116 113 114 0923 8.42
lal4 383 409 415 415  0.472 32.22
1a21 859 912 940 929  0.644 95.83
1a28 1473 1515 1587 1621 0.285 112.80
1a35 2290 2358 2355 2430 0.683 160.89
la42 3128 3171 3217 3306 0.337 136.09

gc(gfeed'”take/ l1a7 122 121 125 124 0773 0.06

body weight gain) 1al4 141 142 1.39 1.42 0.992 0.14
la2l 149 147 1.46 1.53 0.866 0.12
la28 156 155 1.1 1.55 0.832 0.07
la35 157 155 1.55 1.55 0.948 0.06
lad42 166 166 1.61 1.59 0.161 0.05

IPC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%-= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

2Values are the average of three birds from four pens/treatment, with the
number of birds corrected for mortality.

*Significant effect when P<0.05.
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Table 4. Effects of the experimental diets! on dressing percent and live weight
of broiler chickens?

ltem PC  NC AC5% AC7.5% P-value* SEM
Dressing (%) 7431 74,82 74,41 74,41 0.671 0.63
Live weight (g) 3112 3172 3272 3345 0.261  168.27

IPC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%-= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

2Values are the average of three bird from four pen/treatment.

*Significant effect when P<0.05.
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Table 5. Effects of the experimental diets* on the countings of Escherichia coli,
mesophilic aerobic bacteria and lactic acid bacteria in the caecal contents of
broiler chickens?

AC AC P-

Item PC NC 5o 75%  value °FEM
Escherichia coli 7.82 7.95 8.18 8.05 0.943 0.87
Mesophilic aerobic 8.47 843  8.98 911 0291 059
bacteria
Lactic acid bacteria 8.22b 8.502P 9.382 8.09b 0.024 0.55

IPC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

2Values are the average of one bird/repetition, with a total of 4 birds/treatment.
aby/alues in the same row with no common letter are significantly different (P <
0.05).
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Table 6. Oxidative rancidity (mg malondialdehyde/g) in the thighs of broilers?

fed the experimental diets?

Malondialdehyde

concentration (mg/g of meat) Mean
Treatments d?2 d7
PC 14.40 16.78 15.59
NC 14.49 16.73 15.61
AC 5% 16.73 18.65 17.69
AC 7.5% 14.68 17.17 15.92
Mean 15.07 17.33
ANOVA P-value*
Treatments 0.576
Days 0.077
Treatments x Days 0.999
SEM 21.32

lvalues are the average of four repetitions, with three birds in each one.

2PC= positive control, with synthetic antioxidant

(0.01%

butylated

hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%-= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and

AGP.
*Significant effect when P<0.05.
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Table 7. Effects of the experimental diets! on breast meat color? of broiler
chickens?

Treatments L* a* b*
PC 63.44 5.03 17.02
NC 64.60 5.02 17.20
AC 5% 64.30 4.49 16.62
AC 7.5% 64.12 4.75 16.70
P-value* 0.589 0.226 0.655
SEM 2.12 0.72 1.27

!PC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%-= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

2Breast muscles from each bird were withdrawn for the analysis of color using
the C.ILE. (Commission Internationale de I'Eclairage) lightness (L*), redness
(a*), and yellowness (b*) system.

3Values are the average of four repetitions, with three birds in each one.

*Significant effect when P<0.05.
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Table 8. Serum biochemical parameters? of broiler chickens? fed the
experimental diets?

ltem PC NC AC5% AC7.5% P-value SEM
UA (mg/dL) 0.38 0.39 0.40 0.38 0.409  0.03
Creat (umol/L) 6.58 5.98 6.82 6.79 0.139  0.97
ALT (U/L) 113.34 11575 111.08 12250 0.614 2.20
AST (U/L) 44718 44920 456.70 420.26  0.496 61.34
GGT (U/L) 20.59 22.53 20.88 20.57 0.295 2.88
TP (g/L) 31.18c  30.56° 32.88% 33432  0.008 2.23
Alb (g/dL) 1.67° 1.64P 1.772 1.782  <0.001  0.09
Glob (g/dL) 1.45 1.42 1.52 1.56 0.342 021
Alb:Glob 1.17 1.17 1.18 1.16 0.993 0.18
TC (mg/dL) 156.582 149.14% 143.02® 138.21° 0.008 13.01

1UA= uric acid; Creat= creatinine; ALT= alanine aminotransferase; AST=
aspartate aminotransferase; GGT= gamma-glutamyl transferase; Alb=
albumin; TP= total protein; Glob= globulin; Alb:Glob= albumin:globulin ratio;
TC= total cholesterol.

2Values are the average of four repetitions, with three birds in each one.

3PC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%-= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

abyalues in the same row with no common letter are significantly different (P
< 0.05).
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Table 9. Effects of the experimental diets! on antioxidant and oxidant
activities and lipid peroxidation in the serum of broiler chickens?

ltem PC NC AC5.0% AC7.5% P-value SEM

ABTS (mmol/L) 0.862 0.78P 0.842 0.842 0.018 0.07

CUPRAC 0.812 070° 078 0812 0010 0.09
(mmol/L)

TOS (umol/L) 120.81 112.77 100.33 118.50 0.334 2942
TBARS (umol/L) 1232 12.68 12.38 15.16 0.507 5.30

IPC= positive control, with synthetic antioxidant (0.01% butylated
hydroxytoluene (BHT)) and antibiotic growth promoter (AGP; 0.007% colistin
sulfate 8%), without acerola byproduct meal (ACM)); NC= negative control,
without BHT, AGP and ACM; AC 5%= with the inclusion of 5% of ACM, without
BHT and AGP; AC 7.5%= with the inclusion of 7.5% of ACM, without BHT and
AGP.

2Values are the average of four repetitions, with three birds in each one.
aby/alues in the same row with no common letter are significantly different (P <
0.05).



