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FORMATO DA DISSERTACAO/ TESE

A presente dissertacdo € composta por capitulos, sendo que o capitulo 1
apresenta uma introducao geral, a contextualizacdo do tema, a justificativa e os
objetivos do presente estudo; o capitulo 2 € composto pelo artigo cientifico
completo, intitulado: “Effect of the association of calcium butyrate with the
tannin extract (Castanea sativa) or papaya extract (Carica papaya) on
performance, intestinal health and meat quality of piglets in the nursery
phase”, contendo referéncias e formatado conforme normas da revista
Research in Veterinary Science, para a qual sera submetido; e o capitulo 3
aborda as consideragcbes gerais deste trabalho e sugestdes para estudos

futuros.



RESUMO

O desmame precoce dos suinos promove diminuicdo da altura das
vilosidades, aumento da profundidade de criptas com insuficiente ativagéo de
enzimas digestivas, acarretando em digestdao inadequada, reducdo da
capacidade absortiva, diarreia e, consequentemente, queda do desempenho
zootécnico. Uma das alternativas para minimizar este problema é a inclusdo de
doses subterapéuticas de antimicrobianos na ragdo destes animais. No
entanto, 0 mercado vem restringindo o uso de antimicrobianos sintéticos como
melhoradores de desempenho. Diante disso, objetiva-se verificar o efeito do
butirato de calcio associado ao extrato de tanino (Castanea sativa) ou papaia
(Carica papaya) sobre o desempenho zootécnico, incidéncia de diarreia,
histologia intestinal, imunoexpressdo de citocinas pro-inflamatorias
cicloxigenase 2 (COX 2) e fator de necrose tumoral a (TNF a) e qualidade de
carne de leitbes em fase de creche.. Foram utilizados 96 leitbes na fase de
creche, sendo 48 machos castrados e 48 fémeas, com idade média de 28 + 2
dias e peso médio inicial de 7,17 £+ 1,07 kg, distribuidos em 4 tratamentos com
8 repeticbes cada. Os tratamentos foram: CN - controle negativo — racao basal
sem a adicao de aditivos melhoradores de desempenho; CP — controle positivo
— racdo basal + 40 mg/kg de sulfato de colistina; BP - racédo basal + butirato de
céalcio + extrato de papaia; BT- racdo basal + butirato de calcio + extrato de
tanino, sendo o nivel de inclusdo dos aditivos (%) na fase pré inicial foi 0,15%
e na fase inicial foi 0,075%. O periodo experimental durou 35 dias no qual
foram utilizadas duas dietas experimentais: dieta pré-inicial fornecida do 1° ao
14° dia e a dieta inicial fornecida do 15° ao 35° dia de experimentacdo. Os
animais e a ragao fornecida foram pesados semanalmente, a incidéncia de
diarreia foi verificada diariamente e aos 14 e 35 dias de experimento um animal
de cada unidade experimental foi abatido para coleta de duodeno e jejuno,
sendo que aos 35 dias também foram coletadas amostras de pernil. Os dados
obtidos foram analisados pelo teste ANOVA e teste de Tukey, apenas a
incidéncia de diarreia foi analisada pelo teste do qui-quadrado e foi adotado o
nivel de significAncia de 5% (P<0,05). Ndo foram observadas diferencas
significativas para o desempenho zootécnico e a histologia intestinal. O

tratamento BT proporcionou a menor incidéncia de diarreia, menor
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imunoexpressao de COX 2 aos 14 dias e de TNF a aos 35 dias no duodeno e
diminuicdo no indice de luminosidade da carne (P<0.05). Sendo assim, o
butirato de calcio associado ao extrato de tanino mostrou ser uma possivel
alternativa para reduzir a incidéncia de diarreia e diminuir a imunoexpressao de

citocinas proé-inflamatoérias no duodeno de leitdes na fase de creche.

Palavras chave: aditivos naturais, alternativa aos antimicrobianos, morfologia

intestinal, nutricdo animal, suinos.
ABSTRACT

Early weaning of pigs promotes a decrease in the intestinal villi height,
increase crypts depth, insufficient activation of digestive enzymes, resulting in
inadequate digestion, reduced absorptive capacity, diarrhea and, consequently,
decreased zootechnical performance. One alternative to minimize this problem
is the inclusion of subtherapeutic doses of antimicrobial in the feed of these
animals. However, the global market restricts the use of synthetic antimicrobials
to improve pig’s performance. The objective of this work was therefore to verify
the associantion of calcium butyrate whit the extract of tannin (Castanea Sativa)
or papaya (Carica papaya), on the performance, incidence of diarrhea, intestinal
histology, immunoexpression of the pro-inflamatory cytokines cyclooxygenase-2
(COX 2) and tumor necrosis factor a (TNF a) and meat quality of piglets in the
nursery phase. A total of 96 piglets were used, 48 males and 48 females, mean
age of 28 + 2 days, with an initial mean weight of 7.17 £ 1.07 Kg in a
randomized complete block design with 4 treatments and 8 replicates. The
treatments were: NC - negative control - basal diet without the addition of
performance additives; PC — positive control - basal diet + 40 mg/ kg colistin
sulfate; BP — basal diet + calcium butyrate + papaya extract; BT - basal diet +
calcium butyrate + tannin extract. The inclusion level of butyrate + extracts in
the pre-initial phase was 0.15%; and in the initial phase was 0.075%. The
experimental period lasted 35 days and two experimental feed were used: pre-
initial feed provided from the 1% to the 14" day and the initial feed provided from
the 15" to 35" day of experiment. The animals and feed provided were
weighted weekly and the incidence of diarrhea was checked daily and at 14 and
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35 days of experiment, one animal from each experimental unit was
slaughtered to sample duodenum and jejunum tissue. On the 35" day ham
samples were collected. The data obtained was submited to ANOVA and the
Tukey test, and only the incidence of diarrhea was analyzed by the chi-square
test, with a significance level 5% (P <0.05). No significant differences were
observed for performance and intestinal histology. The BT treatment provided a
lower incidence of diarrhea, lower immunoexpression of COX-2 at 14 days and
the TNFa at 35 days in the duodenum, and decrease in the brightness index of
the ham (P<0.05). Therefore, calcium butyrate the associated with the tannin
extract is a possible alternative to decrease the incidence of diarrhea and lower
immunoexpression of pro inflammatory cytokines in the duodenum of nursery

piglets.

Key words: natural additives, alternatives to antimicrobials, intestinal morfology

animal nutrition, swine.
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CAPITULO 1 — REVISAO DE LITERATURA

1. Producéo de suinos

O Brasil em 2016 abateu 42,32 milhGes de cabecas de suinos (IBGE,
2017), mantendo a posicdo de quarto maior produtor mundial de carne suina,
totalizando uma producéo de 3.731 mil toneladas, ficando atras apenas da
China, da Unido Europeia e dos Estados Unidos, respectivamente (ABPA,
2017).

Quanto as exportagbes, em 2016, o Brasil ocupou 0 mesmo ranking da
producéo mundial, totalizando uma exportacdo de 732,9 mil toneladas de carne
suina. Neste mesmo ano, a regido sul abateu 66,1% dos suinos, sendo que o
Parana foi responséavel pelo abate de 22,29%, ficando apenas atras de Santa
Catarina, que abateu 26,35% dos animais (ABPA, 2017; IBGE, 2017).

Os principais produtos exportados foram: cortes (83,42%), middos
(10,10%) e carcacas (2,36%). E interessante ressaltar que os estados da
regido sul do pais, além de serem o0s principais produtores de carne suina
brasileira, também s&o responsaveis pelo maior volume de exportacao,
correspondendo a 81,30% das exportacdes (ABPA, 2017).

Em relacdo a receita gerada, a exportacdo em 2016 resultou em um
saldo de US$ 1,483 bilh&do, 16% a mais que em relacdo ao faturamento quando
comparado ao ano de 2015. A exportacdo brasileira de carne suina em 2016
apresentou um aumento de 33,0% em termos de volume quando comparado
ao ano anterior (ABPA, 2017; IBGE, 2017).

O ano de 2015 foi marcado pelo maior consumo per capita de carne
suina dos ultimos nove anos, totalizando um consumo per capta de 15,1 Kg no
Brasil, porém no ano de 2016 o consumo de carne suina foi de 14,4 Kg de
carne por habitante por ano (ABPA, 2017).

Ainda em 2016, o Brasil alojou um total de 2.067.704 matrizes
industriais (ABPA, 2017). Cada matriz produziu em média 12,66 leitdes
nascidos vivos por parto, sendo desmamados 27,14 leitdes por porca por ano e
25,40 suinos terminados por porca por ano (AGRINESS, 2016). Para que 0s
suinos cheguem a fase de terminacgéo, estes deverdo passar por varias etapas:

primeiramente os leitdes ficam na maternidade junto com as matrizes até os 21
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a 28 dias de idade, momento em que ocorrera o desmame. Os leitbes recém-
desmamados sdo entdo transferidos para a creche, caracterizando o periodo
mais critico de toda a producdo da suinocultura, devido a todos os fatores de
estresse e desafios ao qual os leitdes sdo expostos, com duracdo média de 42
dias. Logo apés a fase de creche os animais sdo realojados em baias de
crescimento, onde permanecem até atingirem 110 dias de idade,
permanecendo na mesma instalacdo ou sendo novamente realojados para a
fase final, caracterizada como terminagdo. Nesta, permanecerdo até 150 dias
em meédia onde seguirdo para o abate (FERREIRA, 2012). A presente
dissertacdo terd como foco de revisdo o desmame e pdOs-desmame por se
tratar de tema emergente e com graves consequéncias dentro da suinocultura.
Além disso, o experimento desenvovilvido, cujo artigo resultante esta no

capitulo 2 desta dissertacao, foi realizado ccom leitdes na fase de creche.

2. Desmame

Dentro do sistema de producdo de suinos, o periodo pds desmame é
denominado de creche, que abrange leitdes com média de 21 a 63 dias de vida
em média (KUMMER et al., 2009). Neste periodo os suinos sao submetidos a
diversos fatores estressantes como, por exemplo, a mudanca de alimentagéo,
a separagcdo da mae e da leitegada, a mudanca de ambiente, a exposicdo a
novos agentes patogénicos, tensdo social devido ao reagrupamento,
instalagGes com deficiéncia de controle ambiental e dificuldade de adaptagao
com comedouros e bebedouros (PLUSKE, HAMPSON e WILLIAMS, 1997;
HEO et al., 2013; LEE et al., 2016).

Considera-se o periodo entre 7 e 14 dias apés o desmame como critico,
pois s&o observados menor consumo de racdo e menor ganho de peso
(KUMMER et al., 2009; VONDRUSKOVA et al., 2010). Como consequéncia
disso, ocorrem diminuigdo na altura das vilosidades intestinais e aumento da
profundidade das criptas, bem como insuficiente producéo de &cido cloridrico e
insuficiente producéo e ativacado de enzimas digestivas, acarretando em baixa
capacidade de digestdo e reducdo da capacidade absortiva do intestino
(PLUSKE, WILLIAMS e AHERNE, 1996; PLUSKE, HAMPSON e WILLIAMS,
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1997). Esses fatores, em conjunto, ocasionam a “sindrome da diarreia pos
desmame” (SDPD) (KUMMER et al., 2009; VONDRUSKOVA et al., 2010).
Dentre os principais agentes causadores da diarreia, destaca-se a
bactéria Escherichia coli, patdgeno também presente na chamada “doenc¢a do
edema” (KUMMER et al., 2009) que, assim como a SDPD, gera diarreia,
afetando diretamente o desempenho zootécnico destes animais e,
consequentemente, acarretando em expressivas perdas econdmicas para o
produtor (PLUSKE, HAMPSON e WILLIAMS, 1997; VONDRUSKOVA et al.,
2010). Todos os eventos citados acima interferem diretamente na saude
intestinal dos leitdes recém-desmamados, com efeitos negativos no

crescimento dos animais.

3. Saude intestinal

3.1 Morfologia

O intestino, além de atuar na digestédo, absor¢cédo dos nutrientes, também
desempenha importante papel no sistema imunoldgico dos animais por possuir
cerca de 70% das células imunes do organismo. Além disso, forma uma
barreira fisica que previne a passagem de patdégenos, antigenos e toxinas
bacterianas para a circulagéo sistémica (PIE et al., 2003; BLIKSLAGER et al.,
2007; LIU, 2015).

O intestino delgado caracteriza-se por possuir em seu revestimento uma
grande quantidade de vilosidades, que se estende por toda luz que tém como
funcdo a digestao final e a absor¢céo de substancias e nutrientes oriundos dos
alimentos ingeridos (PLUSKE, WILLIAMS e AHERNE, 1996; PLUSKE,
HAMPSON e WILLIAMS, 1997). Na base das vilosidades encontram-se as
criptas que possuem algumas células, como as caliciformes e enddécrinas. As
criptas sdo estruturas que seguem até a tanica muscular da mucosa (PLUSKE,
WILLIAMS e AHERNE, 1996; PLUSKE, HAMPSON e WILLIAMS, 1997;
ROBBINS,1999,).

As células da mucosa do intestino delgado (enterécitos) sao renovadas
em um intervalo de 2 a 7 dias, garantindo a integridade da mucosa, como

resultado de dois eventos citolégicos associados: a renovacao celular que
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ocorre através da atividade mitotica, por meio da proliferagdo e diferenciacao
das células totipotentes presentes na cripta e ao longo das vilosidades; e a
perda de células através de apoptose, que ocorre no apice dos vilos (MACARI
e MAIORKA, 2000; MAIORKA, 2001; CLAUS, GUNTHNER e LETZGUB, 2007).

A quantidade e a altura das vilosidades sao diretamente proporcionais
ao numero de enterécitos que as compdem, ou seja, quanto mais células,
maior serd a vilosidade e consequentemente maior a superficie de contato,
aumentando a area e a capacidade de absorcdo de nutrientes (MACARI e
MAIORKA, 2000). E importante salientar que o prolongamento das vilosidades
pode ocorrer devido a maior taxa de renovacgdo (multiplicacéo celular na cripta)
ou inibicdo da descamacao celular no topo dos vilos, enquanto a atrofia das
vilosidades ocorre concomitantemente ao aumento do numero de células na
cripta, 0 que consequentemente acarreta em um aumento na profundidade
desta (PLUSKE, 2001; CHAVEERACH et al., 2004; VAN IMMERSEEL et al.,
2004). O aumento das criptas e o encurtamento das vilosidades sé&o

caracteristicas presentes em processos inflamatorios no epitélio intestinal.

3.2 Processo Inflamatério

O processo inflamatdrio ocorre como resposta a injaria celular tecidual e
esse processo envolve uma complexa cascata de eventos bioquimicos, tais
como o extravasamento de fluidos, ativagdo enzimatica, migracdo celular,
liberacdo de mediadores, lise tecidual e reparo (CARVALHO e LEMONICA,
1998).

Em consequéncia da lesdo aguda da mucosa intestinal, ocorrem trés
eventos locais que resultam na restauracdo da continuidade epitelial e da
permeabilidade normal: a) a contragéo dos vilos para promover a reducao da
area superficial exposta, b) a migracdo de células epiteliais para reparar a
membrana basal exposta e c) o fechamento dos espacos existente entre as
células epiteliais, que irdo ficar mais proximas (BLIKSLAGER et al., 2007; LIU,
2015).

A ativacao do sistema imune gastrintestinal gera a producgéo de diversas
células especializadas e moléculas sinalizadoras que possuem importante

papel na regulacdo das respostas imunes e inflamatoérias. Entre essas células
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especializadas e moléculas sinalizadoras podemos destacar as citocinas pré
inflamatorias, como a cicloxigenase 2 (COX 2) e o fator de necrose tumoral alfa
(TNF a). Entretanto, a producdo exacerbada destas moléculas pode resultar
em degradacdo da integridade do epitélio intestinal e, consequentemente,
afetar suas fungbes, como, a permeabilidade de macromoléculas e o transporte
de nutrientes e ions (PIE et al., 2003; LIU et al., 2012; LIU, 2015).

3.2.1 Cicloxigenase 2 — COX 2

O é&cido araquidbnico € um &cido graxo de 20 carbonos, e € um
metabdlito liberado pelos fosfolipideos da membrana plasméatica através da
acao da enzima fosfolipase A2, sendo que esta pode ser ativada por diferentes
estimulos, entre eles os processos inflamatorios, que promovem a injaria
celular que acarreta na lise dos fosfolipideos da membrana (KUMMER e
COELHO, 2002). O &cido araquidonico ira ativar uma cascata metabdlica, que
se inicia pela prostaglandina G/H sintase citosoélica, também conhecida como
cicloxigenase (COX), sendo que a via da cicloxigenase é mediada por duas
enzimas diferentes, a COX 1 e a COX 2 (MENDES et al., 2012)

As COX’s sao enzimas que formam um endoperoxido de prostaglandina
instavel, a PGH,, a partir do acido araquidénico. A PGH; sofre transformacao
através de mecanismos nao enzimaticos e enzimaticos em tromboxane e em
diferentes prostaglandinas denominadas prostanoides. A COX atua nas duas
primeiras etapas da sintese dos prostanoides que caracterizam-se como
importantes mediadores inflamatoérios (WILLIAMS e PECK, 1977; MENDES et
al., 2012).

A COX 1 é denominada fisiologicamente constitutiva e possui acao
crioprotetora gastrica e auxilia na homeostase renal e plaquetaria, sendo
encontrada em quase todos o0s tecidos normais. Durante processos
inflamatorios sua atividade néo é alterada e sua expressdo aumenta de 2 a 4
vezes nesses casos (KUMMER e COELHO, 2002)

J4& a COX 2, ou cicloxigenase indutiva apresenta niveis baixos a
indetectaveis nos tecidos normais, sendo mais facilmente encontradas em
alguns tecidos como intestinos, rins e pancreas. O aumento da sua expressao

ocorre na presengca de citocinas e, mediante quadros inflamatérios, sua
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expressao aumenta cerca de 20 vezes ou mais (KUMMER e COELHO, 2002).
A COX 2 participa ativamente na formacéo de prostaglandinas associadas a
dor e a febre do processo inflamatério, acarretando em vasodilatacdo e
aumento de edema (ROBBINS, 1999), sendo basicamente uma enzima
responsavel por fenbmenos do processo inflamatério e se expressa apos ser
estimulada por fatores de crescimento, citocinas e mitégenos (FELIN et al.,
2008).

3.2.2 Fator de Necrose Tumoral a — TNF a

O TNF a sao pequenas moléculas de peptideos expressas em baixas
concentragbes no tecido epitelial normal e possui importante papel na
regulacdo das respostas imunes e inflamatérias. Esta citocina pré inflamatéria é
secretada por macréfagos, linfocitos, neutréfilos ou mondcitos, recrutados pelo
sitio da lesé@o, sendo também estimulados pela presenca de lipopolissacarideos
presentes em membranas de bactérias gram—negativas (VITALE et al., 2007).
E pertencente a um grupo de citocinas quimiotaxicas que sdo fundamentais
para o processo inflamatorio, além de possuir uma gama de fun¢des bioldgicas
(GOETZ, PLANAS e MACKENZIE, 2003).

O TNF a exerce papel central na estimulagdo do processo inflamatorio,
iniciando a cascata de producéo de outras citocinas e fatores da reacao imune
(CARVALHO e LEMONICA, 1998), uma vez que ativam a quimiotaxia de
leucécitos e induzem a sintese de moléculas de aderéncia endotelial e
mediadores quimicos. Além disso, atuam também no crescimento,
diferenciacao, sobrevivéncia e funcao fisioldgica de diferentes células, incluindo
algumas que nao participam do sistema imunoldgico.

O TNF a é um fator peliotrépico, ou seja, desempenha um importante
papel em diferentes vertentes, tendo sua principal fungédo na resposta imune,
mas também atua em outros processos fisioldgicos, como o metabolismo e a
reproducdo (CARVALHO e LEMONICA, 1998; GOETZ, PLANAS e
MACKENZIE, 2003).

Visando assegurar a saude intestinal dos leitdes e a manutencdo de um
adequado sistema imune com consequente crescimento, utilizou-se por varias

décadas antimicrobianos como melhoradores de desempenho adicionados a

20



204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

racdo destes animais. Estes compostos atuam diretamente sobre o
metabolismo animal promovendo melhoria na salde intestinal e,
consequentemente, em seu desempenho (SINDIRECOES, 2005; COSTA et al.,
2011).

4. Uso de antimicrobianos como melhoradores de desempenho

Os antibimicrobianos sdo compostos de origem natural ou sintética que
possuem duas classificagOes distintas, de acordo com o0 seu mecanismo de
acao, sendo elas: bactericidas que causam a morte do microrganismo ou
bacteriostaticos que inibem o crescimento microbiano (SOUSA e SILVA,,
2008).

Os antibidticos podem ter sua origem sintética como no caso das
sulfonamidas, fluoroquinolonas e oxazolidinonas, ou origem natural e derivados
semi-sintéticos que podem ser classificados como B — lactamicos, tetraciclinas,
aminoglicosideos, peptideos ciclicos entre outros (GUIMARAES et al., 2010).

Na producgéo animal sdo utilizados varios antimicrobianos, constituindo-
se no setor que lidera mundialmente o consumo desses produtos (COSTA et
al., 2007). Palaniappan e Holley (2010), comentam que 50% dos antibioticos
produzidos nos Estados Unidos sdo administrados em animais, e a maioria em
doses subterapéuticas. Entretanto, muita discussao sobre os efeitos negativos
do uso dos antimicrobianos como aditivos alimentares tem ocorrido,
principalmente por contribuir com a resisténcia bacteriana.

Diante destes fatos, os consumidores tém exigido a restricdo ao uso
destes aditivos, e esta pressao tem aumentado a busca por produtos
alternativos que garantam maximo crescimento dos animais sem interferir na
qualidade do produto final (OETTING et al., 2006). Desde a constatacdo da
resisténcia bacteriana a estes compostos convencionais, a inddstria vem
pesquisando fontes naturais como alternativas aos antimicrobianos conhecidos,
entre essas fontes podemos citar microrganismos marinhos como
actinobactérias, bactérias do solo e as plantas. As plantas fazem a biossintese
de metabdlitos antimicrobianos para previnir e combater a acdo de bactérias e
fungos sobre elas (GUIMARAES et al., 2010).
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4.1 Banimento do uso de antimicrobianos como aditivo alimentar

O Regulamento (CE) n° 1831/2003 do Parlamento Europeu de 22 de
setembro de 2003 (Diario Oficial da Unido Europeia), estabeleceu o banimento
de todos os antimicrobianos como aditivo alimentar em toda Unido Europeia a
partir do dia 1° de janeiro de 2006. No Brasil, varios antimicrobianos ja foram
suspensos da producdo animal e a Instrugdo Normativa n° 45, de 22 de
novembro de 2016 (MAPA, 2016) passou a proibir o uso do sulfato de colistina
como aditivo zootécnico adicionado as ragdes animais.

Palaniappan e Holley (2010) demonstraram que bactérias como
Escherichia coli e Salmonella typhimurium apresentaram resisténcia aos seis
antimicrobianos sintéticos testados: penicilina, tetraciclina, eritromicina,
ampicilina, bacitracina e novobiocina. Os autores comentam que 0 uso extenso
desses compostos na medicina humana, o uso indiscriminado para terapia
animal e em sub-doses como melhoradores de crescimento para os animais
sdo os princiais fatores responsaveis pelo desenvolvimento da resisténcia
bacteriana aos antibioticos. E importante ressaltar que as bactérias resistentes
podem ser transferidas para humanos diretamente, através da cadeia
alimentar, ou de forma indireta, através da disseminacdo desses agentes
etioldgicos no campo pelos residuos dos animais. Em relacdo a forma direta de
trasmissdo, o principal método de transmissdo desses microrganismos é
através da carne in natura e ou pelos produtos carneos contaminados por
fluidos e secrecdes do animal durante o processo de abate, o que caracteriza

um risco a saude publica.

4.2 Alternativas ao uso de antimicrobianos sintéticos

Os aditivos antimicrobianos de origem natural agem como melhoradores
de desempenho de animais criados de forma intensiva, auxiliando na
manutencdo da saude intestinal, permitindo maior ganho de peso diario e
melhorando a conversédo alimentar destes animais (VETRANO et al., 2010).
Estes aditivos vém sendo testados nas dietas de suinos como potenciais
alternativas aos antibiéticos e quimioterapicos melhoradores de desempenho
(COSTA et al., 2011).
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A melhora no desempenho de animais de producdo que recebem
aditivos alimentares pode ocorrer devido ao aumento na digestibilidade e
absorcdo de nutrientes, estimulo da secre¢cdo de enzimas digestivas
(CHAVEERACH et al., 2004; VONDRUSKOVA et al.,, 2010; COSTA et al.,
2011), e pela melhora na saude intestinal por meio da manutencdo da
microbiota benéfica e pelos efeitos benéficos no epitélio intestinal (VAN DER
WIELEN et al., 2000; CLAUS et al., 2006).

Diante da importancia do setor suinicola para o agronegécio brasileiro,
sabendo-se das condi¢gbes sanitarias de muitas das granjas produtoras de
suinos no Brasil, e diante da proibicdo dos antimicrobianos melhoradores de
desempenho, destacando o sulfato de colistina, uma lacuna cientifica se forma,
fazendo-se necessario estudos de produtos alternativos aos antibidticos
melhoradores de desempenho. O desenvolvimento de substancias que
substituam esses antimicrobianos com a mesma eficacia, para que possam
garantir a manutencdo da saude intestinal e o maximo crescimento dos
animais, sem interferir na qualidade do produto final é tema atual e prioritario.
Entre esses produtos alternativos podemos destacar os aditivos fitogénicos e

os acidos organicos.

5. Aditivos fitogénicos

Os aditivos fitogénicos sdo definidos como compostos derivados de
plantas que séo incorporados as dietas animais com a finalidade de promover
melhor desempenho e melhor qualidade dos produtos obtidos destes animais.
Estes, classificam-se de acordo com a sua origem e processamento em:
extratos, condimentos, 6leos essenciais (compostos lipofilicos extraidos por
vaporizagdo ou destilagdo a alcool) e oleoresinas (compostos extraidos por
solventes ndo aquosos) (WINDISCH et al., 2007).

Os extratos vegetais sdo ricos em principios ativos, sendo que estes
variam muito em concentragdo e em atividade antibacteriana, de acordo com a
espécie botanica e parte da planta que sdo extraidas (COSTA et al., 2007;
CHENG et al., 2014). Esses compostos sdo conhecidos por seus efeitos
antiinflamatério, antiviral, (COSTA et al.,, 2011) antioxidante, antiparasitario,

coccidiostaticas, antihelminticas e efeito imunomodulador, sendo que suas
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propriedades multifuncionais dependem dos compostos bioativos presentes em
cada extrato (CHENG et al., 2014; ZENG et al., 2015).

Os extratos vegetais sao produzidos como um mecanismo de defesa da
planta contra fatores externos, tais como estresse fisioldgico (falta de agua ou
nutriente, por exemplo), fatores ambientais (variacdes climaticas) e protecao
contra predadores e patégenos (OETTING, 2005). Suas adi¢des a dieta podem
aumentar a secre¢do salivar, secrecao biliar e o suco gastrico e pancreatico,
melhorando a atividade enzimatica e aumentando a digestibilidade e a
absorcao de nutrientes (JANG et al., 2004; OETTING et al., 2006; UTIYAMA et
al., 2006; VONDRUSKOVA et al., 2010, ERNANI et al. 2012).

5.1 Extrato de Tanino

O extrato de tanino possui propriedades antimicrobianas,
antihelminticas e antiinflamatorias (LOGUERCIO et al., 2005). Sua acéo
antimicrobiana deve-se a trés possiveis mecanismos de agdo: a) a inibicdo das
enzimas bacterianas, b) acdo sobre a membrana celular causando a
modificacdo do metabolismo celular, e ¢) a capacidade de ligar-se a ions
metdlicos, reduzindo a disponibilidade desses ions necesséarios para o
metabolismo microbiano (SCALBERT, 1991; PATRICIO, 2006).

Antigamente o tanino era considerado um fator antinutricional, porém,
apos a descoberta da diversidade estrutural dos taninos, sabe-se que além das
propriedades j& citadas acima, o tanino possui acdo antioxidante, combatendo
os radicais livres do organismo. Porém essa capacidade in vivo depende da
sua absorcdo e do seu efeito sobre o trato gastrintestinal (FRANKIC e
SALOBIR, 2011).

5.2 Extrato de Papaia

O extrato de papaia é utilizado na nutricho humana para aliviar
distarbios intestinais e melhorar o processo digestorio (MUSS et al., 2013). De
acordo com os trabalhos de Dinkova-Kostova (2005), Kothari e Seshadri
(2010); Pinto (2013), Natarjan e Sudhakar (2014), Sagnia et al. (2014) e Vuong
et al. (2015), o extrato proveniente de diversas partes do Carica Papaya
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apresenta propriedades anti-inflamatoérias, antimicrobianas, acéo citoprotetora e
tem a capacidade de inativagcdo de radicais livres, impedindo os danos
causados por esses componentes.

O potencial antioxidante dos extratos de papaia se deve a presenca de
substancias como a quercitina, o B sitosterol, a glutationa peroxidase, a
glutationa transferase, a glutationa redutase e a catalase (VIJ e PRASHAR,
2015; OLOYEDE, 2005). Na literatura existem varios estudos este extrato
comprovando sua acgdo anti-helmintica sobre diferentes espécies parasitérias,
entre elas o Ascaris suum (KRIMPEN et al., 2010), no entanto, sua eficacia em

relacdo a melhora da saude intestinal em suinos ainda néo foi confirmada.

6. Acidos Organicos

Os acidos organicos inibem o desenvolvimento de microrganismos
patogénicos devido a sua capacidade de reduzir o pH gastrintestinal e por
possuirem a capacidade de penetrar na parede celular de alguns
microrganismos quando em sua forma néo dissociada (MILTENBERG, 2000;
NAMKUNG et al, 2004; BRAZ et al., 2011). Alguns estudos (VONDRUSKOVA
et al., 2010; SOUZA at al., 2015) demonstraram também eficacia antibacteriana
sobre a Escherichia coli, importante patdgeno gastrintestinal dos leitdes.

Além disso, os acidos organicos (como o acido butirico) exercem efeitos
sobre o sistema imunoldgico, promovem o esvaziamento gastrico, atuam na
motilidade intestinal, aumentam a atividade enzimatica e auxiliam na absorgéo
de 4&gua, minerais e demais nutrientes (SINDIRACOES, 2005;
VONDRUSKOVA et al., 2010; BOAS et al., 2016).

6.1 Butirato de Célcio

O &cido butirico é liquido, e o butirato de calcio, seu sal, se apresenta
em forma de pd, o que tras vantagens para o processo de fabricacdo de
racdes, jA que é mais facil de manusear, estavel e possui odor mais fraco
(KOTUNIA et al., 2004; SINDIRACOES, 2005), além de ser menos corrosivo.

O butirato é uma substancia natural presente em fluidos biolégicos e

tecidos, encontrado biologicamente ativo em mamiferos, quando naturalmente
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sdo produzidos pela microbiota gastrintestinal, principalmente no cdélon, ou
guando ingeridos pela via oral como aditivo alimentar (CLAUS et al., 2006;
CELASCO et al., 2014). O c6lén possui amplo numero e diversidade de
bactérias (Pedroso et. al., 2005), alta disponibilidade de substrato e pH préximo
a neutralidade (Breves, Kock e Schroder, 2007; Hamer et. al., 2007; Silva,
2015). A producao de butirato € reduzida ou até mesmo ausente no intestino
delgado (Bergman, 1990), uma vez que este O6rgdo possui pH mais acido,
reduzida populacdo microbiana e menor quantidade de substrato disponivel
para producdo de AGV (Mentschel e Claus, 2003; Claus, Gunthner e Letzgub,
2007). Este composto é uma importante fonte de energia para os colondcitos e
possui funcdo de barreira intestinal por meio da manutencao epitelial (Van
Beersschreurs et al., 1998; Ploger et al., 2012; Thibault et al., 2007), inibindo a
apoptose das células da mucosa, atuando na renovacao celular (Bartholome et
al., 2004; Breves, Kock e Schroder, 2007; Woodward et al.,, 2012;) e
contribuindo para sua homeostase a partir da regulacdo da expressdo de
genes ligados a processos celulares, incluindo proliferagédo e diferenciagéao
(Hamer et al., 2007; Celasco et al., 2014; Silva, 2015).

No trato digestorio, o butirato pode atuar diretamente (trato
gastrintestinal superior ou inferior) ou indiretamente (intestino delgado) no
desenvolvimento e reparo tecidual. O butirato também tem sido relacionado a
regulacdo da viruléncia bacteriana, tanto através de efeitos diretos na
expressédo de genes de viruléncia (GANTOIS et al., 2006), quanto pela acédo na
proliferacdo celular das células do hospedeiro (NAZARI, KARKOODI e
ALIZADEH, 2012).

Quando adicionado a racdo, como aditivo alimentar, o butirato
desempenha a mesma fung¢do nas células do epitélio do intestino delgado
(enterocitos) (BERGMAN, 1990; MENTSCHEL e CLAUS, 2003). O
fornecimento para leitdes neonatais, via racao, assegurou a estimulacdo da
regeneracdo tecidual em até 80% para o segmento jejuno-ileo (CLAUS,
GUNTHNER e LETZGUB, 2007).

Uma vez que os efeitos positivos da suplementacdo alimentar com
butirato e extratos vegetais adicionados individualmente a racdo de suinos ja
se encontram reportados na literatura, a busca por compostos que apresentem

acado aditiva ou sinérgica, proporcionando beneficios aos animais, ainda € algo
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a ser explorado. Neste contexto, a suplementacdo de butirato e extratos
vegetais se torna interessante, uma vez que ainda nao foi demonstrada
nenhuma agao comprovada entre estes aditivos.

Acredita-se que o efeito conjunto existente entre 0s extratos vegetais de
tanino (Castanea sativa) ou papaia (Carica papaya) e o butirato de calcio
apresente efeito benéfico sobre a saude intestinal de leitdes. Dessa maneira, a
associacao desses aditivos pode vir a substituir o uso de antimicrobianos,
contribuindo para a melhora na salde intestinal e consequentemente no

desempenho produtivo dos suinos.

7. Objetivos

7.1 Objetivo Geral

O objetivo geral do presente estudo foi verificar o efeito da
administracdo do butirato de calcio associado ao extrato de tanino (Castanea
sativa) ou ao extrato de papaia (Carica papaya) sobre o desempenho,
incidéncia de diarreia, saude intestinal e qualidade da carne de leitdes recém-

desmamados.

7.2 Objetivos especificos

e Avaliar a associagdo entre o butirato de célcio e o extrato de
tanino ou extrato de papaia sobre o desempenho dos leitdes
recém desmamados por meio dos parametros: peso vivo aos 14 e
35 dias, ganho diario de peso, consumo diario de racdo e
conversao alimentar para o periodo de 1 a 14 dias e 1 a 35 dias
de experimento;

e Avaliar a associagdo entre o butirato de célcio e o extrato de
tanino ou extrato de papaia sobre a incidéncia de diarreia nos
periodos de 1 a 14 e 1 a 35 dias de experimento;

e Avaliar a associagdo entre o butirato de célcio e o extrato de
tanino ou extrato de papaia sobre a morfologia intestinal através
dos parametros: altura de vilosidade, profundidade de cripta,
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largura de vilosidade, densidade de vilos e relacdo altura de
vilosidade/profundidade de cripta no duodeno e jejuno aos 14 e
35 dias de experimento;

Avaliar a associagdo entre o butirato de calcio e o extrato de
tanino ou extrato de papaia sobre a saude intestinal através da
analise de imunoexpressdo de COX 2 e TNF a no duodeno e
jejuno aos 14 e 35 dias de experimento;

Avaliar a associagdo entre o butirato de calcio e o extrato de
tanino ou extrato de papaia sobre a qualidade da carne de leitdes
na fase de creche através da avaliacdo de oxidacao lipidica, pH e
analise de cor em pernil.

Verificar, mediante todas as andlises a serem realizadas, se a
combinacdo destes aditivos poderda ser uma alterativa aos
antimicrobianos melhoradores de desempenho, destacando neste
projeto o sulfato de colsitina.
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CAPITULO 2

(Artigo cientifico a ser submetido para publicagdo no periédico Research

in Veterinary Science)

Running title: Phytobiotic and organic acid additives in weanling pig diets

Effect of the association of calcium butyrate with the tannin extract
(Castanea sativa) or papaya extract (Carica papaya) on performance,

intestinal health and meat quality of piglets in the nursery phase

ABSTRACT

BACKGROUND: Newly weaned pigs undergo changes in intestinal morphology
with consequent diarrhea and decreased performance. To minimize these
alterations antimicrobials are added to the diet of these animals as performance
enhancers, however government agencies have restricted the use of these
compounds. This restriction has caused the need to develop alternatives to
synthetic antimicrobials. The objective of this work was to verify the effect of the
association of calcium butyrate with the extract of tannin (Castanea sativa) or
papaya (Carica papaya), replacing antimicrobials, on the performance,
incidence of diarrhea, intestinal histology, immunoexpression of the pro-
inflammatory cytokines cyclooxygenase 2 (COX-2) and tumor necrosis factor a

(TNFa), and the meat quality of piglets in the nursery phase.

40



1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

RESULTS: No significant differences were observed for performance and
intestinal histology. The calcium butyrate + tannin treatment provided a lower
incidence of diarrhea, lower immunoexpression of COX-2 at 14 days and the
TNFa at 35 days in the duodenum, and decrease in the brightness index of the
ham (P<0.05).

CONCLUSION: Therefore, calcium butyrate associated with the tannin extract
is a possible alternative for the substitution of synthetic antimicrobials in the diet

of nursery piglets.

Keywords: antimicrobial alternatives, immunoexpression of the pro-
inflammatory cytokines, intestinal morphology, organic acids, plant extracts,

swine.

INTRODUCTION

During the weaning period, pigs undergo several stressors such as
feeding changes, separation from the mother and litter, change of environment
and exposure to new pathogens (Heo et al., 2013; Lee et al., 2016; Pluske et
al., 1997). These factors, associated with insufficient enzyme activity and
reduction of the absorptive capacity, with consequent alterations in intestinal
histology (Pluske et al. 1996) cause “post-weaning diarrhoea syndrome”
(PWDS), directly affecting the zootechnical performance of these animals
(Kummer et al., 2009; Vondruskova et al., 2010).

In addition to its role in the absorption and metabolization of nutrients, the

intestine also plays an important role in the immune system, containing about
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70% of the body’s immune cells. The intestine acts as a physical barrier that
prevents the passage of pathogens, antigens and bacterial toxins into the
systemic circulation (Blikslager et al.,, 2007; Liu et al.,, 2015; Pié et al.,
2004).Therefore, the use of antimicrobials as performance enhancers added to
the diet of these animals aims to ensure the intestinal health of piglets,
adequate maintenance of the immune system, and consequently the guarantee
of good zootechnical performance.

Regulation (EC) No 1831/2003 of the European Parliament of September
22/2003 banned the use of antimicrobials as a food additive throughout the
European Union (EU) in January 1, 2006. Brazil, like the EU, has been following
this trend and restricting the use of performance-enhancing compounds. Given
these facts, it is necessary to study alternative additives to performance-
enhancing antibiotics, as organic acids and plant extracts.

Butyrate it is a short chain fatty acid produced in the colon by the
gastrointestinal microbiota (Celasco et al., 2014; Gantois et al., 2006), which
has antimicrobial properties, stimulates cell epithelial proliferation, acts as an
anti-inflammatory agent and assists in intestinal motility (Celasco et al., 2014;
Gantois et al., 2006; Nazari et al, 2012).

In recent years the tannin extract, formerly known only for its
antinutritional factor in monogastric animals, has presented antimicrobial,
anthelmintic and anti-inflammatory properties (Louguercio et al., 2005), as well
as antioxidant capacity (Franki¢ and Salobir, 2011).

Another plant extract that deserves attention is papaya, being used in
human nutrition to alleviate intestinal disorders and improve the digestive

process (Muss et al., 2013). This extract exhibits anti-inflammatory,
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antimicrobial and antioxidant properties (Sudhakar and Theivanai, 2014; Vij and
Prashar, 2015).

However, there are few studies in which these extracts have been added
to animal feeds and to date there are no reports in literature of the association
of calcium butyrate with papaya or tannin extracts in piglet feeding. The
objective of this study was therefore to evaluate the potential of these
compounds in the substitution of performance-enhancing antimicrobials on
zootechnical performance, incidence of diarrhea, intestinal histology,
immunoexpression of the pro-inflammatory cytokines COX-2 and TNFa, and

meat quality of piglets in the nursery.

MATERIAL AND METHODS

The present study was approved by the Ethics Committee on the Use of
Animals (Comité de Etica no Uso de Animais — CEUA) of the Pontifical Catholic
University of Paran&d (Pontificia Universidade Catdlica do Parand - PUCPR),

Brazil, under protocol number 875A.

Animals, housing, experimental diets and management

A total of 96 piglets in the nursery phase were used (48 castrated males
and 48 females) distributed in 4 treatments, with 8 replicates per treatment and
3 animals per experimental unit (bay), with initial age of 28 + 2 days and initial
weight of 7.17 + 1.07 kg. The weight of the animals was verified at the
beginning of the experiment and used to distribute them equally in the different

blocks, as well as the sex, adopting the randomized complete block design.
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The experimental treatments used were: NC: negative control — basal
diet without the addition of performance enhancing additives; PC: positive
control - basal diet + 40 mg/kg of colistin sulphate; BP: basal diet + calcium
butyrate + papaya extract (inclusion levels: pre-initial phase: 0.15%, initial
phase: 0.075%); BT: basal diet + calcium butyrate + tannin extract (inclusion
levels: pre-initial phase: 0.15%, initial phase: 0.075%).

The papaya extract used was derived from Carica papaya, popularly
known as papaya, and the tannin extract from Castanea sativa, known as the
sweet chestnut. The additives were microencapsulated to be added to the piglet
diet.

The experimental period was 35 days, during which the animals were
housed in suspended nursery stalls (1.2m x 1.6m), with a plastic floor, manual
feeders and nipple waterers. The piglets received the pre-initial diet (from the 1%
to the 14™ day) and initial diet (from the 14™ to the 35" day) and water ad
libitum.

The experimental diets were isonutritives, differing only with regards to
inclusion of the evaluated products, composed mainly of corn, soybean meal
and vitamins - minerals, added to meet the nutritional requirements of the
species, according to the recommendations of Rostagno et al. (2011). The
composition of the basal diet and the calculated values are shown in Table 1.
All management practices were performed according to the Canadian Council

on Animal Care (CCAC, 1993).
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Table 1. Percent composition and calculated values of the base diets

Ingredients Pre-initial diet Initial diet
(1 to 14 days) (14 to 35 days)
Corn (80 g kg™ 435.9 513.0
Soybean meal (460 g kg™) 260.0 250.0
Vitamix®* 276.8 202.7
Soy oil 15.0 17.0
Calcareous 9.0 9.0
Dicalcium phosphate - 3.0
L- Lysine (780 g kg™) 2.0 3.8
DL- Methionine (990 g kg™) 0.4 0.5
L-Threonine (980 g kg™) 0.9 1.0
Calculated values (g kg ™)
Crude protein 197.6 187.6
Ethereal extract 22.9 23.3
Lactose 60.3 441
Lysine 15.1 14.4
Methionine 4.7 4.4
Methionine+cystine 7.5 7.0
Tryptophan 2.7 25
Threonine 9.8 9.2
Metabolizable energy (Kcal kg™) 3.341,50 3.335,06

*Vitamix: quantity per kg of product: 155.7 (g kg ™) crude protein, 75.9 (g kg ™) ethereal
extract, 119.3 (g kg ) mineral material, 5.7 (g kg ™) crude fiber, 217.8 (g kg ™) lactose,
54.3 (g kg ™) milk protein, 16.4 (g kg ™) calcium, 14.9 (g kg ™) total phosphorus, 13.4 (g
kg ™) available phosphorus, 12.2 (g kg ™) sodium, 13.9 (g kg ™) potassium, 20.0 (g kg -
Y chlorine,16.9 (g kg ™) lysine, 7.0 (g kg ) methionine, 9.6 (g kg &
methionine+cystine, 2.9 (g kg ™) tryptophan, 10.3 (g kg ™) threonine, 8.0 (g kg ™)
arginine, 13.0 (g kg ™) leucine, 7.2 (g kg ™) isoleucine, 3.6 (g kg ™) histidine, 7.5 (g kg
Y valine, 6.3 (g kg ™) phenylalanine, 3.373,07 kcal kg™ of metabolizable energy, 50,000
IU of vitamin A, 10,000 IU of vitamin D3, 160 mg vitamin E, 12 mg vitamin K3, 12 mg
vitamin B1, 20 mg vitamin B2, 12 mg vitamin B6, 0.10 mg vitamin B12, 2.40 mg folic
acid, 140 mg nicotinic acid, 88 mg pantothenic acid, 0.40 mg biotin, 1248 mg choline,
800 mg iron, 800 mg copper, 220 mg manganese, 3.20 mg cobalt, 5000 mg zinc, 7.20
mg iodine, 1.20 mg selenium, 1.20 mg chromium.

Performance, incidence of diarrhea and slaughter of the animals

All feed provided to the animals was weighed, as well as the remaining
and wasted portions so as to obtain a calculation of daily feed intake (DFI). The
animals were weighed at 14 and 35 days of the experiment so as to calculate
the daily weight gain (DWG) and the feed conversion ratio (FCR).

Daily monitoring of the incidence of diarrhea (ID) was performed by in the

morning by indicating a score, assigning 0 for normal stools, 1 - pasty stools, 2 -
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soft stools (creamy) and 3 - aqueous stools, according to the procedure
described by Vassalo et al. (1997). Scores of 2 and 3 were considered diarrhea
and the percentage of diarrhea was calculated in relation to the total number of
feces counted.

After 14 and 35 days of the experiment, one animal from each
experimental unit was slaughtered after a 12-hour fasting period and a water
diet to collect samples for histological and morphological analyses of the
intestinal epithelium. The animal chosen was that whose weight was closest to
the average of the animals in each experimental unit. The animals were
slaughtered in a commercial slaughterhouse subjected to the State Sanitary
Inspection, according to the standards of humane slaughter recommended for
animal welfare, consisting of desensitization by electrocution followed by

bleeding (cutting of the large vessels that emerge from the heart).

Intestinal morphology

Structural analysis - optical microscopy

Immediately after slaughter, fragments measuring approximately 5 cm
long were collected from the duodenum (collected at 15 cm from the pyloric
sphincter) and from the jejunum at the distal part (collected approximately 150
cm from the ileocecal junction). The samples were stored in a 10%
formaldehyde solution and subsequently processed and stained with
hematoxylin and eosin (HE), according to the methodology of Touchette et al.

(2002).
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The slides were photographed using an AxioCam MRC camera (Carl
Zeiss®, Gottingen, Germany), coupled to the Axio Scope Al microscope (Carl
Zeiss®, Jena, Germany) and later the Axionvision Se 64 software (Carl Zeiss®,
Thornwood, USA) was used to measure the height of 12 villi (VH), the
respective crypt depths (CD), villus width (WID) and calculation of the villi

height/crypt depth ratio (VH/CD).

Ultrastructural analysis - scanning electron microscopy (SEM)

In the same region where fragments were collected for structural
analysis, another segment (5 cm) of the duodenum and jejunum was removed
and fixed in Karnovsky solution (2.5% glutaraldehyde and 0.1 M sodium
trihydrate cacodylate) for one hour. It was cut into 0.25 cm? pieces (0.50 x 0.50
cm) and maintained within the same solution until the drying process, carried
out with hexamethyldisilazane (HMDS) for 10 minutes. Subsequently, the
samples were submitted to SEM analysis, as described by Araujo et al. (2003).
In the images obtained by SEM the villi density (VD) was measured in an area
of 1,110,619.52 ym? using the scanning electron microscope VEGA3 LMU
(Tescan, Brno, Czech Republic). For counting of the villi 3 photos were selected

per repetition.

Immunohistochemistry

The same samples used for the structural analysis were used for
confection of the blocks via the TMA technique (tissue microarray), described
by Mattioli et al. (2017). Paraffin blocks containing 24 sample fragments were

made for subsequent confection of the slides.
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Immunoexpression of cyclooxygenase-2 (COX 2) was assessed using
the polyclonal anti-Cox-2 antibody (Dako, Glostrup, Denmark). Then the slides
were scanned on the Axio Scan.Z1 scanner (Carl Zeiss®, Jena, Germany) and
analyzed with the Image Pro Plus 4 software (Media Cybernetics Inc., Rockville,
USA). The area percentage immunolabeled with COX-2, in um2, was calculated
by evaluating seven images for each replicate according to the methodology of
Costa Filho et al. (2017).

For the identification of tumor necrosis factor a (TNFa) in the fragments,
the anti-TNFa primary antibody (ABCam, Cambridge, UK) was used for
preparation of the slides. Counting of the TNFa-positive cells was performed
using images obtained from the Olympus BX40 microscope with a 40x objective
lens. Five random fields were photographed for both segments (duodenum and
jejunum) in each replicate, and subsequently the mean count of immunolabeled

cells was obtained.

Lipid oxidation, pH and color analysis in the ham

For the physico-chemical analyses of the ham, the treatments negative
control (NC), calcium butyrate + papaya extract (BP) and calcium butyrate +
tannin extract (BT) were evaluated. Samples were collected from five animals
per treatment, identified, coated with aluminum foil, vacuum packed and frozen.
Subsequently, the samples were thawed under refrigeration (4°C) for a period
of approximately 15 hours. All analyses were performed in triplicate.

For evaluation of lipid oxidation, the TBARS index (thiobarbituric acid
reactive substances) was used. From each sample 5 grams were weighted, by

taking small cuts of different areas. Samples were transferred to a Becker to
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which 25 mL of TCA (trichloroacetic acid — 7.5%) were added and homogenized
for 1 minute. Thereafter the obtained material was filtered to separate the solids
from the liquids. The clear filtrate was transferred to tubes where 1 mL of 7.5%
TCA and 5 mL of 0.02 M TBA (thiobarbituric acid) were added. The tubes were
immediately placed in a water bath for 40 minutes, then cooled, and measured
with a spectrophotometer (Spectronic 21D from Milton Roy, USA) at 538 nm,
utilizing a blank sample and a curve. The results obtained were expressed as
malonaldehyde concentration in mg/kg of sample, and the method used was
described by Vyncke (1970).

For color analysis the portable Chroma Meter CR 410 colorimeter was
used (Konica Minolta, New Jersey, USA). The following parameters were
evaluated: L* (brightness), a* (red ratio), b* (yellow ratio), C* (chroma) and h
(color hue), being expressed in the CIELAB color system, in triplicate.

Verification of pH was performed at three different points of the sample
by insertion of the electrode with a penetrating tip, using the Hanna pH meter
(HI 99163, Romania). The result was obtained from the average of the three

measurements.

Statistical analysis

Data obtained in the analyses of performance, intestinal morphology,
immunohistochemical analysis, lipid oxidation, pH and color analysis were
submitted to the Shapiro-Wilk test for normality evaluation and the Levene test
to evaluate the homogeneity of the variances. As these requirements were met,
the effect of the treatments on the variables evaluated was verified via the

analysis of variance (ANOVA). For the immunohistochemistry and color

49



1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

1273

1274

1275

analyses, the Tukey test was performed upon identification of significant effects.
In order to verify possible differences between the treatments on the incidence
of diarrhea, the values of the scores obtained during the experimental period
were submitted to the Chi - Square test. The Statgraphics Centurion XVI
Statistical Software was used and the significance level of 5% (P<0.05) was

adopted for all variables analyzed.

RESULTS

Performance and incidence of diarrhea

The variables weight at 14 and 35 days, daily weight gain, daily feed
intake and feed conversion were not influenced by the treatments (Table 2).
The BT treatment reduced the incidence of diarrhea (P<0.05) in piglets during
the periods from 1 to 14 days and from 1 to 35 days in comparison with the
other treatments. In the period from 1 to 35 days, the BP treatment had a higher
incidence of diarrhea (P<0.05) when compared to the BT and NC treatments

(Table 2).
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Table 2. Averages of the initial body weight (P1), body weight at 14 days (P14),

body weight at 35 days (P35), daily weight gain (DWG), daily feed intake (DFI),

feed conversion (FC) and incidence of diarrhea (ID) for the 1 to 14 and 1 to 35

day experimental periods

Treatments?
Variable NC PC BP BT Mean p-value SEM’
1-14 days
P1 (Kg) 7.00 7.26 7.24 7.20 7.17 - -
P14 (Kg) 11.87 12.09 12.24 11.92 12.03 0.73 0.25
DWG (g) 0.35 0.34 0.36 0.34 0.35 0.81 0.01
DFI (g) 0.47 0.48 0.48 0.45 0.47 0.37 0.01
FC 1.36 1.40 1.35 1.35 1.36 0.75 0.04
ID (%) 11.63a 146l1la 1490a 8.35b 12.37 - -
1-35 days
P35 (Kg) 25.05 26.81 26.25 25.48 25.90 0.64 0.10
DWG (g) 0.52 0.56 0.54 0.52 0.53 0.73 0.03
DFI (g) 0.84 0.88 0.89 0.83 0.86 0.49 0.03
FC 1.66 1.58 1.64 1.59 1.62 0.58 0.04
ID (%) 6.75b 8.26ab 10.34a 4.88c 7.56 - -

INC= negative control — basal diet; PC = positive control — basal diet + colistin sulfate;
BP= basal diet + calcium butyrate + papaya extract; BT= basal diet + calcium butyrate

+ tannin extract

“Standard error of the mean.
*PDifferent letters on the same line are statistically different by the Chi Square Test

(P<0.05).
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Intestinal morphology

There was no difference (P>0.05) between the treatments regarding the
villi height, crypt depth, villi height/crypt depth, villi width and villus density in the
duodenum and jejunum of piglets at 14 and 35 days of the experiment (Table
3).

In the duodenum, at 14 days the animals presented a general mean of
414.95 um for the villus height, 418.08 pm for crypt depth, mean ratio of the
villus height to crypt depth of 1.00, mean villi width of 161.71 ym and mean
villus density of 33.48. For the same period, in the jejunum, the animals had a
mean overall villus height of 370.87 um, crypt depth of 341.56 ym, mean ratio of
the villus height to crypt depth of 1.10, mean width of 143.22 ym and villus
density of 34.79.

In the duodenum at 35 days the animals had a mean overall villus height
of 447.15 um, crypt depth of 444.88 ym, mean ratio of the villus height to crypt
depth of 1.02, mean villi width of 177.66 ym and mean villus density of 28.21.
For the same period, in the jejunum, the animals presented a general mean of
408.58 um for the villus height, 293.19 um for the crypt depth, the mean ratio of
the villus height to crypt depth was 1.26, the mean width was 128.63 ym and

the villi density was 22.69.

Immunohistochemistry

In the duodenum, at 14 days of experimentation, the BT treatment
presented a lower percentage of cells stained for COX-2 in relation to the NC
treatment (P<0.05); on the other hand, at 35 days the BP treatment had a

higher percentage of cells stained for COX-2 compared to the NC treatment
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(P<0.05). For the jejunum, at 14 days the PC treatment showed a lower

percentage of cells stained for COX-2 in relation to the BP treatment (P<0.05)

(Table 3).

For the analysis of TNFa, a statistical difference was observed in the

duodenum at 35 days of experimentation, in which the BT treatment presented

lower cellular expression when compared to the NC treatment (P<0.05) (Table

3).

Table 3. Percentage of the stained area in pm? for COX-2 and mean count of

stained cells for TNFa in the analysis of immunohistochemistry in the duodenum

and jejunum of piglets at 14 days and 35 days of experimentation

Treatments?
Variable NC PC BP BT p-value2 SEM3
Cox 2 (%
14 days
Duodenum 6.89 a 559ab 5.87ab 2.75b 0.04 0.94
Jejunum 3.76 ab 1.98 b 6.00 a 3.54 ab 0.04 0.88
35 days
Duodenum 3.30b 5.05 ab 6.39 a 5.28 ab 0.02 0.58
Jejunum 1.83 1.49 1.74 1.86 0.49 0.18
INF a
14 days
Duodenum 65.05 53.33 53.49 27.05 0.21 12.07
Jejunum 67.47 53.5 69.11 48.34 0.56 12.18
35 days
Duodenum 76.20a 63.82ab 40.62ab 32.49b 0.02 9.51
Jejunum 64.96 39.74 44.54 34.86 0.48 14.09

INC= negative control — basal diet; PC = positive control — basal diet + colistin sulfate;
BP= basal diet + calcium butyrate + papaya extract; BT= basal diet + calcium butyrate

+ tannin extract.

3Standard error of the mean.
*PDifferent letters on the same line are statistically different (P<0.05) according to the

Tukey test.
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Lipid oxidation, pH and color analysis in the ham

The animals that consumed the diet containing BT presented higher
brightness (P<0.05) than those that received the BP, and the NC treatment
presented intermediate brightness (Table 4). Regarding lipid oxidation, color

(a*, b*, C*, H) and pH no differences were observed among the treatments.

Table 4. Evaluation of the ham quality via analysis of lipid oxidation (TBARS),

pH and color
Tratments
Variable (mean + standard deviation)!
CN BP BT p-valor
Malonaldehyde
concentration (g kg~  0-000410 * 0.000534 + 0.000481 + 0.47
) 0.00015 0.00015 0.00008
of sample)
pH 6.22 +0.29 6.23 +0.23 5.97 +0.26 0.24
L* 50.86+2.44ab 47.2+163b 5152+273a 0.03
ax 18.07 + 1.66 19.13 + 1.55 16.81 + 1.24 0.09
B* 3.35+2.62 2.50 +2.49 3.05 + 3.05 0.77
c* 18.53 + 1.87 19.32 + 1.62 17.09 +1.35 0.13
H 10.15 + 7.69 7.02 +£2.78 10.17 + 4.52 0.60

INC= negative control — basal diet; BP= basal diet + calcium butyrate + papaya extract;

BT= basal diet + calcium butyrate + tannin extract.
*PDifferent letters on the same line are statistically different (P<0.05) according to the
Tukey test.

DISCUSSION

Performance
For the performance analyses there were no differences between

treatments. The present work corroborates with Biagi et al. (2015) who when
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providing different concentrations of tannin (0.113%, 0.225% and 0.450%) to
weaned piglets, observed no significant effects on the body weight at 56 days of
age, DWG and DFI. Boas et al. (2016) also found no significant difference in
weight at 66 days of age, DFI, DWG and FC of the animals that received a
blend of organic acids (0,5%), and sodium butyrate (0,1%) and the association
of organic acids and sodium butyrate (0,5%" + 0,1%, respectively) compared to
the control treatment.

Candek-Potokar et al. (2015) when providing different concentrations
(1%, 2% and 3%) of hydrolysable tannin extract to male pigs in the finishing
phase also observed no significant difference in the final body weight (193 days
old), DWG and FC, however the animals that received the diet with 3% tannin
extract presented lower DFI. According to the authors, the lower feed intake is
due to the fact that the high tannin concentrations worsen the appeal of the feed
due to its astringent taste. Zeng et al. (2015), when using a blend of essential oil
containing thymol and cinemaldehyde (0.025%) in the piglet diet observed
better results of DWG and FC when compared to animals of the negative
control treatment. The authors associated these results with several factors,
such as improvement of the apparent digestibility of the diet, improvement of
the intestinal morphology in the jejunum and composition of the intestinal
microbiota.

The effect of antimicrobials is proportional to the challenges to which the
animals are subjected (Oetting et al., 2006). In this work, the animals were
housed in previously disinfected experimental facilities, closed and maintained
empty for a period of 50 days before receiving the animals. This sanitary

conditions may have reduced environmental contamination, and may indicate
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that the animals were submitted to a low immunological challenge. It is known
that the environmental conditions of commercial farms differ from those of
experimental farms, in which the challenges imposed on pigs are intensified by
different management, microbial concentration and population density. These
may be possible explanations for the absence of significant results regarding
the performance of animals that received the different additives. Costa et al.
(2007) also comment that the provision of highly digestible diets may decrease
the antimicrobial potential of the additives, since these diets result in little
substrate available for bacterial growth, thus limiting the development of
microorganisms in the gastrointestinal tract. The piglets of the present study
received complex and digestible diets, which may also be an explanation for the

lack of positive results regarding animal performance.

Incidence of diarrhea

The BT treatment was that which provided the lowest incidence of
diarrhea in the piglets when compared to the other treatments. It was also
observed that the BP treatment was not efficient in reducing the incidence of
diarrhea in the piglets.

Data of the present study corroborated with that of Zeng et al. (2015), in
which a blend of essential oils containing 0.025% of cinnamaldehyde and
thymol added to the animals' diet reduced the incidence of diarrhea in piglets.
However, Junior et al. (2017) evaluated a blend of different plant extracts and
benzoic acid (0.3%), with or without addition of colistin sulphate (40 ppm), and
for weaned piglets, no decrease in the incidence of diarrhea among the animals

was observed. Cairo et al. (2017). studying 0.05 %; 0.1% or 0.15% of Brazilian
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red pepper essential oil in the diet of weaned pigs observed that pigs that
received 0.15% of red pepper essential oil shown lower incidence of diarrhea
than the other treatments.

Organic acids inhibit the development of pathogenic microorganisms
because of their ability to reduce the gastrointestinal pH and because they have
the ability to penetrate the cell wall of some microorganisms when in their non-
dissociated form (Namkung et al., 2004; Vondruskova et al., 2010). They may
also present an antibacterial effect on Escherichia coli, an important
gastrointestinal pathogen of the pigs (Souza, 2015), and also have effects on
the immune system, promote gastric emptying, assist in intestinal motility and
absorption of water, minerals and other nutrients, and increase enzyme activity
(Boas et al., 2016; Vondruskova et al., 2010).

Butyrate acts as an acid-forming agent that has anti-inflammatory and
anticarcinogenic properties (Celasco et al., 2014; Hamer et al., 2008). This
additive acts as the main source of energy for colonocytes, and can also act on
enterocytes. Hamer et al. (2008) reported that butyrate has an antidiarrheal
effect and that its therapeutic effect on inflammatory processes in the human
colon is already known.

In vitro and in vivo studies have demonstrated that some plant extracts,
among them the tannin extract, presented high anti-inflammatory and
antimicrobial potential against several gram (+) and gram (-) pathogens,
preventing the occurrence of enteritis or intestinal disorders, such as diarrhea
(Elizondo et al., 2010; Hanczakowska and Swiatkiewicz, 2012). Among these
pathogens are Escherichia coli and Salmonella spp (Biagi et al., 2015; Frankic

et al., 2009; Scalbert, 1991).
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Therefore, the piglets that presented the lowest incidence of diarrhea
may have benefited from the associated action mechanisms of calcium butyrate
and the tannin extract, which together may have acted on pathogens present in

the intestinal lumen.

Intestinal morphology

In the morphological analyses no statistical differences were observed
between the treatments for all parameters evaluated. During the lactation
period, piglets have well developed villi; however immediately after weaning the
small intestine of pigs undergoes gradual biochemical and histological changes,
such as decreased villus height, hyperplasia of crypt cells and increased depth
of the crypts (Pluske, 2016; Pluske et al., 1996). These changes occur due to
the stress caused by separation from the mother, the change in environment,
the mixture with animals of other litters and alteration of the diet, resulting in
reduction of the digestive and absorptive functions of the intestine (Tucci et al.,
2011; Xu et al., 2003), directly influencing the intestinal health, and
consequently the growth of animals.

Biagi et al. (2010) observed no significant difference regarding villus
height and crypt depth in the jejunum of piglets that received 0.113%, 0.225%
and 0.450% of tannin in the diet. Liu et al. (2017), when using a blend
composed of organic acids (citric, fumaric, malic and sorbic) and essential oils
(thymol, vanillin and eugenol) in the diet of broilers (0.30 g/kg) did not observe
differences in the VH, CD and VH/CD ratio in the duodenum. However, in the
jejunum the animals that received the mixture of essential oils and organic acids

presented higher VH and CD when compared to the negative control treatment.
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The authors indicated that the intestinal efficiency of digestion and nutrient
absorption is related to an adequate morphology of the intestinal epithelium.
Bilic-Sobot et al. (2016) provided hydrolysable tannin at concentrations of 1%,
2% and 3% to male pigs in the growth and finishing phases and did not observe
differences regarding the VH, CD, WID and VH/CD ratio for the jejunum,
however in the duodenum they observed a significant difference in villus height,
where the treatment with the 3% concentration presented higher VH when
compared to the negative control. The authors reinforced the idea that the
greater the villi height, the greater the area of absorption, and also that in the
duodenum there occurs the actuation of pancreatic secretions with food coming
from the stomach and that the jejunum is characterized as the site with the

highest absorption of nutrients.

Immunohistochemistry
The lower COX-2 immunoexpression in the BT group at 14 days of
experimentation in the duodenum is indicative of reduced tissue injury and
lower inflammatory response. Likewise, the lower TNFa immunoexpression for
the same group reveals a reduced presence of macrophages, and a possible
decrease in the presence of pathogenic microorganisms in the segment.

Free radicals are naturally produced in the body, or originate due to
some biological dysfunction, such as inflammatory processes. The most
important compounds are called reactive oxygen species (ROS) (Barreiros et
al., 2006). The ROS are responsible for reactions that compromise the health

and productivity of animals, and are factors for formation of ulcerative and
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erosive lesions along the gastrointestinal tract (Borrelli and l1zzo, 2000; Muss et
al., 2013).

According to studies conducted by Louguercio et al. (2005), Barreira et
al. (2008) and Frankic and Salobir (2011), the tannin extract has antioxidant
capacity, aiding in the neutralization process of free radicals produced during in
vivo oxidative stress, which may indicate that the antioxidant action of the tannin
extract helps prevent inflammatory events. It also has the ability to couple to
other molecules such as proteins and polysaccharides, forming a protective
layer composed of the tannin-protein or tannin-polysaccharides complex, which
is associated with a tissue repair process in the case of wounds, burns and
inflammation (Barreira et al., 2008; Pinto et al., 2001).

Butyrate is a product of the animal metabolism itself, produced by the
intestinal microbiota, mainly in the colon (Bartholome et al., 2004). It is an
important source of energy for colonocytes, aiding in the intestinal barrier
function through epithelial maintenance (Pléger et al., 2012; Thibault et al.,
2007), inhibiting apoptosis of mucosal cells, acting in cell renewal (Bartholome
et al., 2004; Breves et al., 2007; Woodward et al., 2012) and contributing to its
homeostasis by regulating the expression of genes linked to cellular processes,
including cell proliferation and differentiation (Celasco et al., 2014, Silva, 2015),
where the same effects are expected in enterocytes (Claus et al., 2007).

Butyrate can exert immunomodulatory effects, such as the ability to
suppress the nuclear factor kappa B (NF-kB) (Hamer et al., 2008), which is a
transcription factor responsible for controling the expression of pro-
inflammatory cytokine genes. Therefore, butyrate-induced suppression of NF-

KB contributes to decreased COX-2 and TNFa concentrations (Segain et al.,
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2000; Song et al., 2006). In view of the above, a joint effect between the tannin
extract and calcium butyrate is perceived, in which they act by reducing the
immunoexpression of COX-2 and TNFa.

In the jejunum, the reduced COX-2 expression at 14 days for the positive
control (PC) treatment indicated lower inflammatory activity. Pedroso et al.
(2005) explained that colistin sulphate protects the jejunum of piglets against
inflammatory processes and increases the use and absorption of available
nutrients.

As shown by Sudhaker et al. (2014), Vij and Prashar (2015), Sagnia et
al. (2014), Vuong et al. (2015) and Pinto et al. (2015), the papaya extract
provides several beneficial characteristics to the organism, such as
cytoprotective action, antioxidant, antimicrobial and anti-inflammatory
properties. In a study performed by Pinto et al. (2015) in rats with gastric
lesions, a gastroprotective effect was observed on the mucosa. Van Krimpen et
al. (2010) observed anthelmintic action on Ascaris suum when using the
compound in the diet of pits. However, greater COX-2 expression observed in
the BP treatment in the jejunum at 14 days and in the duodenum at 35 days
indicates a greater inflammatory response. No justification was found in
literature for the greater inflammatory reaction when pigs received the papaya

extract.

Lipid oxidation, pH and color analysis in the ham
The piglets that received the BT showed higher brightness in the ham
compared to animals of the BP group (P<0.05). When analyzing the pH values,

it was possible to observe that the meat of the BT treatment animals maintained
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the pH similar to that of fresh meat (5.9), while the treatments NC and BP
presented pH values of 6.2, considered the maximum limit for consumption.

At pH 6.2 the myofibrillar proteins are more distant and the fluid is
trapped between the muscle fibers (Brewer et al., 2006; Fletcher et al., 2000).
The pH 5.9 is close to the isoelectric point of the proteins, where the myofibrillar
proteins are more united causing a liquid accumulation in the surface of the
part. This liquid reflects the light and increases brightness, justifying the result
obtained for the BT group.

Oxidative stress can compromise the health and productivity of animals,
and negatively influence the quality and shelf life of the meat and its derivatives
(Muss et al., 2013). According to Louguercio et. al. (2005), Frankic and Salobir
(2011), Pinto et. al. (2001) and Barreira et. al. (2008), the tannin extract,
obtained from different vegetable sources, contains polyphenol groups that are
related to antioxidant effects which aid in the process of neutralization of the
free radicals produced during in vivo oxidative stress. It is known that the lower
concentration of free radicals in the animal metabolism is directly related to
better meat quality after slaughter. However, in the present study lipid oxidation
was not decreased when the animals received the association of butyrate with

extracts.

CONCLUSION

The use of colistin and the association of calcium butyrate with papaya
and tannin extracts did not alter the performance of weaned piglets or the
intestinal morphology, but the association between calcium butyrate and the

tannin extract resulted in a significant decrease in the frequency of diarrhea and
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reduced the inflammatory process in the duodenum of piglets in the nursery
phase. Thus, the combination of butyrate and tannin can be a promising
alternative for maintaining intestinal health in post-weaning and an alternative to

antimicrobials used in piglets in the nursery phase.
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CAPITULO 3

CONSIDERACOES FINAIS

O uso da colistina e do butirato de céalcio associado aos extratos
vegetais de papaia ou tanino ndo alteraram o desempenho de leitbes recém-
desmamados, bem como a morfologia intestinal. No entanto, a associacdo de
butirato de célcio e tanino possibilitou queda significativa na frequéncia de
diarreia dos leitdes. Além disso, atuou no processo inflamatério no duodeno,
reduzindo a imunoexpressao de citocinas pro inflamatérias. Sendo assim, o
tratamento BT é uma alternativa promissora na diminuicdo da inflamacdo no
duodeno e no controle da diarreia de leitbes em fase de creche.

Com base nos resultados obtidos no presente estudo, foi possivel
perceber a importancia de novas pesquisas para melhor compreensédo dos
efeitos e a interagdo entre os aditivos disponiveis, seja pelas combinagcfes ou
niveis a serem testados. Vale destacar que, no presente projeto, a combinagao
de butirato de célcio e extrato de papaia ndo possibilitou resultados positivos
para os leitbes.
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ANEXO A

Distribuicdo dos blocos de fémeas e blocos de machos, divididos em pesados,

médio pesados, meédios leves e leves

Machos Pesados Fémeas Média Pesadas
Ba38 Ba39 Bad40 Bad41 Bad2 Bad3 Bad44 Bad5 Bad46 Bad47 PBaqs Bad49 Bab50

Ba37 Ba36 Ba35 Ba34 Ba33 Ba32 Ba31 Ba30 Ba29 Ba28 Ba27 Ba26 Ba25
Machos Leves Fémeas Médio Leves

Fémeas Leves Machos Médio Pesados
Ba13 Bai4 Bai15 Ba16 Ba17 Ba18 Ba19 Ba20 Ba21 Ba22 Ba23 Ba24

™M | TS T2 | T6 T3 T4 | T5 T T2 T3 | Te T4

T3

Ba12 Ba11 Ba10 Ba9 Bas Ba7 Ba 6 Ba5 Bad Ba 3 Ba 2 Ba 1

Machos Médio Leves Fempas Posadas
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ANEXO B

Escore Fecal

b

SFonte: MAITO, C.D.; 2015

Classificacdo do Escore Fecal. A) Escore 0: fezes normais B) Escore 1: fezes
pastosas C) Escore 2: fezes cremosas D) Escore 3: fezes liquidas.
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ANEXO C

Morfologia Intestinal

Representacéo das medicOes de vilosidades e criptas no jejuno de leitdes
abatidos aos 14 dias de experimentagéo.
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ANEXO D

Microscopia eletrénica de varredura

-

SEM MAG: 200 x SEM HV: 10.0 kV | . VEGA3 TESCAN

WD: 12.31 mm Det: SE 200 pm

LME-PUCPR

Imagem do duodeno de leitbes aos 35 dias de experimentacdo obtida através
da microscopia eletrénica de varredura, com aumento de 200 pm.
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ANEXO E

Imunohistoquimica

A imagem A mostra as ceélulas imunomarcadas em marrom pelo TNF aq,
enquanto a imagem B mostra a &rea imunomarcada em marrom pelo COX 2,

para o duodeno de leitbes aos 14 dias de experimentacgao.

80



	A presente dissertação é composta por capítulos, sendo que o capítulo 1 apresenta uma introdução geral, a contextualização do tema, a justificativa e os objetivos do presente estudo; o capítulo 2 é composto pelo artigo científico completo, intitulado:...
	(Artigo científico a ser submetido para publicação no periódico Research in Veterinary Science)

	Running title: Phytobiotic and organic acid additives in weanling pig diets
	ANEXO b
	ANEXO c
	ANEXO d
	ANEXO e

