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RESUMO

O setor avicola demanda aditivos alternativos a antibi6ticos que possam ser utilizados
como melhoradores de desempenho. Portanto, um experimento foi conduzido para
avaliar os efeitos de probidticos sobre o desempenho, salde intestinal e status redox de
frangos de corte expostos a estresse por calor a partir dos 15 dias de idade. Foram
utilizados 720 frangos Cobb-500 distribuidos em oito tratamentos (dietas), avaliados em
seis repeticOes de 15 frangos cada, sendo: dieta basal (DB) sem antibi6tico e probidtico
(T1); DB suplementada com bacitracina de zinco (T2), DB suplementada com probiético
comercial de Bacillus subtilis DSM 17299 (T3); DB suplementada com probidticos ndo-
comerciais de Lactococcus lactis NCDO 2118, Lactobacillus delbrueckii CNRZ 327,
Escherichia coli CEC 15 ou Saccharomyces boulardii (T4, T5, T6 e T7,
respectivamente) e DB suplementada com a associagdo dos quatro probi6ticos ndo-
comerciais (T8). O consumo de racdo (CR), ganho de peso (GP) e conversdo alimentar
(CA) foram determinados no periodo de 1 a 42 dias de idade dos frangos. Aos 42 dias
de idade avaliou-se: rendimento de carcaca e cortes, deposicdo de gordura abdominal,
temperatura cloacal, peso e comprimento do intestino, atividade das enzimas
mieloperoxidase e peroxidase eosinofilica no jejuno, histomorfometria do jejuno,
expressdo génica no jejuno (ocludina, zonulina, interleucina-8, colecistoquinina, grelina
e proteina de choque térmico-70) e figado (proteina de choque térmico-70), além da
mensuracdo do teor de malondialdeido (MDA) e atividade da superdéxido dismutase
(SOD) no intestino, figado e sangue. Os frangos alimentados com a dieta T1 exibiram
menor (P < 0,05) GP e peso vivo ao abate, além de pior CA (P < 0,05). Entretanto, as
dietas contendo um ou o blend de probidticos resultaram em melhor GP, CA e peso vivo
ao abate, semelhante ao observado para os frangos do grupo T2. A maior (P < 0,05)
temperatura cloacal foi determinada nos frangos do grupo T6. Houve maior producéo (P
< 0,05) de MDA no figado dos frangos dos grupos T1 e T7 e menor (P < 0,05) no grupo
T3. No sangue, o teor de MDA foi maior (P < 0,05) nos frangos do T4 e menor (P <
0,05) no grupo T5. A dieta T8 resultou em maior (P < 0,05) atividade sérica da SOD,
enguanto gue as dietas T1 e T5 resultaram em menor (P < 0,05). Nao houve efeito (P >
0,05) das dietas experimentais para os demais parametros avaliados. Conclui-se que
frangos de corte desafiados por estresse por calor a partir dos 15 dias de idade e
alimentados com dieta basal sem antibidtico e probidtico exibem pior desempenho.
Entretanto, todos os probidticos ndo-comerciais avaliados, suplementados isoladamente
ou como blend, mostraram-se eficientes em melhorar o desempenho dos frangos em
magnitude semelhante ao observado quando a dieta contém o antibi6tico bacitracina de
zinco ou o probidtico comercial Bacillus subtilis DSM 17299.

Palavras-chave: Aditivo. Avicultura. Desempenho. Nutricdo funcional. Saude
intestinal.



ABSTRACT

The poultry sector demands alternative additives to antibiotics that can be used as
performance enhancers. Therefore, an experiment was conducted to evaluate the effects
of probiotics on performance, intestinal health and redox status of broilers exposed to
heat stress from 15 days of age. A total of 720 Cobb-500 broilers were distributed in
eight treatments (diets), evaluated in six replicates of 15 broilers, as follows: basal diet
(BD) without antibiotic and probiotic (T1); BD supplemented with zinc bacitracin (T2),
BD supplemented with a commercial probiotic of Bacillus subtilis DSM 17299 (T3);
BD supplemented with non-commercial probiotic of Lactococcus lactis NCDO 2118,
Lactobacillus delbrueckii CNRZ 327, Escherichia coli CEC 15 or Saccharomyces
boulardii (T4, T5, T6 and T7, respectively), and BD supplemented with the association
of the four non-commercial probiotics (T8). Feed intake (FI), weight gain (WG) and feed
conversion (FC) were determined in the period from 1 to 42 days of age. Carcass and
cuts yield, abdominal fat deposition, cloacal temperature, weight and length of intestine,
activity of myeloperoxidase and eosinophilic peroxidase enzymes in the jejunum, jejunal
histomorphometry, gene expression in the jejunum (occludin, zonulin, interleukin-8,
cholecystokinin, ghrelin and heat shock protein-70) and liver (heat shock protein-70), in
addition to malondialdehyde (MDA) level and superoxide dismutase (SOD) activity
were measured in the intestine, liver and blood of broilers at 42 days old. Broilers fed
diet T1 exhibited lower (P < 0.05) WG and live weight at slaughter, in addition to worse
FC (P < 0.05). However, diets containing one or the probiotics blend resulted in better
WG, FC and live weight at slaughter, similar to that observed for broilers of the T2
group. The highest (P < 0.05) cloacal temperature was determined in broilers of the T6
group. There was higher (P < 0.05) hepatic MDA concentration in the broilers of the T1
and T7 groups, and lower concentration (P < 0.05) in group T3. In blood, the MDA
content was higher (P < 0.05) in the T4 group and lower (P < 0.05) in the T5 group. The
T8 diet resulted in higher (P < 0.05) serum SOD activity, while diets T1 and T5 resulted
in lower (P < 0.05). There was no effect (P > 0.05) of the experimental diets for the other
evaluated parameters. It is concluded that broilers challenged by heat stress from 15 days
of age and fed diet without antibiotic and probiotic exhibit worse performance. However,
all non-commercial probiotics evaluated, supplemented alone or as a blend, were shown
to be efficient in improving broiler performance in a similar magnitude to that observed
when the diet contains the antibiotic zinc bacitracin or the commercial probiotic of
Bacillus subtilis DSM 17299.

Keywords: Additive. Poultry. Performance. Functional nutrition. Gut health.



RESUMO INTERPRETATIVO E RESUMO GRAFICO

Probidticos para frangos de corte expostos a estresse por calor a partir dos
15 dias de idade

Elaborado por Jéssica Carla das Dores Ribeiro e orientado por Luciana de Paula Naves

A utilizag8o de antibi6ticos como melhoradores de desempenho na produgdo animal vem
sendo questionada e restringida devido a preocupacdes relacionadas a geracdo de
resisténcia bacteriana a antibidticos utilizados na terapia humana. Portanto, a avicultura
industrial tem buscado estratégias nutricionais para minimizar o uso de antibiéticos
como melhoradores do desempenho de frangos de corte. Neste contexto, tem recebido
destaque os probidticos, definidos como microrganismos vivos capazes de beneficiar a
salde do hospedeiro quando administrados em quantidades adequadas. Outro desafio
atual da avicultura moderna consiste na elevacdo da temperatura ambiente, 0 que pode
resultar em perdas econdmicas ao setor avicola principalmente quando galpdes de
criacdo ndo climatizados sdo utilizados. Considerando que ha relatos de que probidticos
podem ser benéficos a frangos expostos a estresse por calor, a presente pesquisa foi
conduzida para avaliar os efeitos de quatro probi6ticos ndo-comerciais, suplementados
na dieta individualmente ou de maneira associada, sobre o desempenho, satde intestinal
e estresse oxidativo de frangos de corte expostos ao calor a partir dos 15 dias de idade.
Em geral, foi observado que frangos alimentados com dietas contendo um ou os quatro
probidticos apresentaram maior peso ao abate e melhor conversdo alimentar, ou seja,
maior capacidade de converter os nutrientes da dieta em peso corporal.

. = PROBIOTICOS
ANTIBIOTICOS (Aditivos alternativos) PROBIOTICOS
(Melhoradores de + R -
ESTRESSEPOR CALOR (Principais beneficios)
desempenho) (Desafio)
* Resisténcia bacteriana «  Lactococcus lactis NCDO 2118 *  Maior génho. de peso e melhor
=3 conversdo alimentar.
oA *  Lactobacillus delbrueckii CNRZ 327
e N .
Y& W *  Escherichia coli CEC 15
v Dieta sem
*  Saccharomyces boulardii probidtico e sem
\ antibiotico Dieta com
. @ probiotico e sem

antibiético

Probidticos ndo-comerciais e seu potencial como aditivo alternativo a antibiéticos melhoradores do
desempenho de frangos de corte submetidos a estresse por calor.

Dissertagdo de Mestrado em Zootecnia na UFLA, defendida em 24/11/2021.
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PRIMEIRA PARTE

1 INTRODUCAO

A producdo de carne de frango corresponde a uma importante atividade
comercial, sendo a avicultura industrial um setor responsavel por gerar proteina animal
de alta qualidade nutricional a partir de rapidos ciclos produtivos, nos quais os frangos
sdo abatidos em idade proxima aos 42 dias. Portanto, eficiéncia alimentar e alto
desempenho das aves sdo fatores centrais para o sucesso na producdo de frangos de corte.
Neste contexto, desde meados do século passado, 0 uso de doses subterapéuticas de
antibiéticos como melhoradores de desempenho passou a ser empregado na producao
mundial de frangos de corte como uma estratégia para diminuir prejuizos por mortes e
doengas no plantel, colaborando para o estabelecimento de melhores indices produtivos
(SALIM et al., 2018). Todavia, seu uso generalizado na producdo animal tem gerado
cada vez mais preocupac6es por parte do mercado consumidor, entidades de regulacédo
e sociedade em geral no que diz respeito a maior resisténcia bacteriana a antibiéticos
utilizados na terapia humana. Acompanhando a proibicdo do uso de antibidticos como
melhoradores de desempenho na producao de frangos de corte pela Unido Europeia em
2006, cada vez mais paises tem também restringido seu uso desde entdo (SALIM et al.,
2018). Diante deste cenario, 0 estabelecimento de estratégias alternativas ao uso de
antibidticos como melhoradores de desempenho vem ao encontro de demandas do setor
avicola e pesquisas prévias demonstram que a suplementacdo de dietas com probidticos
pode beneficiar a sadde (WU et al., 2019) e melhorar o desempenho de frangos de corte
(AMERAH et al., 2013; REIS et al., 2017).

Outro desafio atual da avicultura brasileira e de diversos outros paises no mundo
consiste na elevagao da temperatura ambiente, reflexo direto do aquecimento global pelo
gual o mundo esta passando. Linhagens que exibem répida taxa de crescimento séo ainda
mais susceptiveis ao estresse por calor, devido sua maior atividade metabdlica e elevada
producdo de calor corporal (GREENE et al., 2019). O estresse por calor pode
desencadear diversas alteracGes fisiologicas e metabdlicas, tais como a elevacdo da
temperatura corporal, depressdo do sistema imune, prejuizos estruturais e funcionais do
epitélio intestinal, desequilibrio da microbiota intestinal entre outros, podendo impactar
negativamente na producdo avicola (LARA; ROSTAGNO, 2013; ROSTAGNO, 2020).

Wang et al. (2018) demonstraram que a suplementacdo da dieta com Bacillus subtilis



melhorou o desempenho, comportamento e imunidade de frangos submetidos a estresse
por calor. Sugiharto et al. (2017), em um trabalho de revisdo, compilaram trabalhos nos
quais probidticos dietéticos apresentaram beneficios na producédo de frangos de corte,
porém os autores ressaltam que é preciso considerar que diferentes probidticos podem
desencadear respostas distintas e que, inclusive, ha trabalhos nos quais nenhum efeito
foi observado em frangos alimentados com dietas suplementadas com probi6ticos.

Até o momento, nenhum trabalho foi encontrado sobre os efeitos dos probidticos
ndo-comerciais Lactococcus lactis NCDO 2118, Lactobacillus delbrueckii CNRZ 327,
Escherichia coli CEC 15 e Saccharomyces boulardii em frangos de corte criados em
condicdo de estresse por calor. Portanto, este experimento foi conduzido para avaliar os
efeitos desses quatro probidticos nao-comerciais, suplementados na dieta
individualmente ou como blend, sobre o desempenho, saude intestinal e status redox de
frangos de corte de rapido crescimento expostos a estresse por calor a partir dos 15 dias
de idade, comparando-os a dietas suplementadas com o antibidtico bacitracina de zinco

ou com o probiético comercial de Bacillus subtilis DSM 17299.



2 REFERENCIAL TEORICO

2.1 Avicultura de corte e saude intestinal das aves

A industria avicola se destaca no mercado de alimentos por fornecer proteina de
alta qualidade e menor custo para o consumidor. Além disso, é uma atividade relevante
para a economia brasileira devido a geracdo de emprego e renda para o pais (SILVA et
al., 2012). De acordo com o relatorio anual da Associacéo Brasileira de Proteina Animal
(ABPA, 2021), o Brasil é o terceiro maior produtor mundial de carne de frango, com
13,8 milhdes de toneladas produzidas no ano de 2020 e um consumo per capita de 45,27
kg/hab. O Brasil também se destaca como o maior exportador mundial de carne de
frango com 4,2 milhdes de toneladas exportadas no ano de 2020 (ABPA, 2021).

Um dos principais fatores que contribuiram para a alta produtividade com
reducdo nos custos de producao foram os avangos em nutricdo associados a melhorias
genéticas, de sanidade e ambiéncia (SAKOMURA et al., 2014). Visto que a nutricao das
aves representa de 70 a 80% dos custos de producdo, a porcao absortiva do intestino
deve apresentar estruturas morfologicamente conservadas e em estado de homeostase
para que haja 0 maximo aproveitamento dos nutrientes. Consequentemente, o “intestino
saudavel” favorece os processos de digestdo e absorcdo intestinal, resultando em maior
aproveitamento dos nutrientes da dieta, menor poluicdo ambiental, maior bem-estar e
imunidade aos animais além de uma microbiota equilibrada (NAHM, 2002; COSTA et
al., 2008). Assim, a manutencdo de boa salde do trato gastrointestinal (TGI) se faz
necessaria para regular e manter suas fungdes digestivas, absortivas, metabdlicas e
enddcrinas equilibradas de modo a beneficiar o hospedeiro (SVIHUS, 2014; PERRY,
2006; RONDON, 2019).

O TGI é composto por uma microbiota que inclui diversos microrganismos
como bactérias, fungos e protozoarios. De acordo com Stanley; Hughes; Moore (2014)
e Oakley et al. (2014), a microbiota possui mais de 1000 espécies bacterianas que podem
estar aderidas ao epitélio através das fimbrias ou livres na luz intestinal, podendo ser
benéficas ou patogénicas para o hospedeiro. A eubiose intestinal, nada mais € do que a
manutencdo do equilibrio entre esses microrganismos, que funciona como protegédo a
colonizacdo de patdgenos. Porém, quando hd o desequilibrio, ou seja, a disbiose
intestinal, pode resultar em diarreias, infec¢bes localizadas ou sistémicas, redugdo da
digestdo e absorcdo de nutrientes, necrose intestinal e formacdo de toxinas, as quais

podem prejudicar a produgdo de frangos de corte (MAIORKA, 2004). A colonizagdo



intestinal efetiva ocorre logo ap6s a eclosdo do pintainho e tende a persistir ao longo do
ciclo de vida da ave, passando a compor a microbiota normal. A partir dos quatro dias
de vida ocorre aumento significativo no nimero de bactérias intestinais, com tendéncia
a estabilidade a partir da segunda semana de vida, sendo varidvel em ndmero e
diversidade ao longo do TGI. Isso implica maior necessidade de atencdo no atendimento
das exigéncias nutricionais corretas, principalmente na fase inicial, devido a microbiota

ainda em desenvolvimento e também a baixa capacidade de digestéo.

2.2 Estresse por calor e os efeitos benéficos dos probidticos

No Brasil, sdo utilizados em sua maioria galpbes convencionais para criacdo
avicola, principalmente devido ao alto custo das instala¢des tecnificadas com ambiente
controlado. Isso implica que nem sempre as condi¢Ges de conforto térmico sao possiveis
durante todo o ciclo de producéo, ocasionando assim um estresse por calor que pode
prejudicar a fisiologia, imunologia, microbiologia e 0 bem-estar das aves (SUGIHARTO
etal., 2017).

O estresse é uma resposta biologica adaptativa para restaurar a homeostase,
sendo que o estresse térmico por calor € um dos desafios ambientais mais comum para
as aves (ROSTAGNO, 2020). As aves sdo animais homeotérmicos, cuja temperatura
interna permanece constante, independente das variagdes de temperatura do meio
externo. Esses animais em estado de estresse, embora sejam capazes de realizar ajustes
fisiol6gicos e comportamentais, frequentemente exibem pior desempenho zootécnico
(MARCHINI, 2012). Estima-se que com o aumento de 1,0°C na temperatura ambiente
durante os meses de verdo ha reducdo de 4,5% na producdo de frangos de corte
(JOHNSON et al., 2015).

A zona de conforto térmico para frangos de corte é variavel com a idade, sendo
gue a temperatura ideal na primeira semana de vida varia de 32 a 35°C. Na segunda
semana é de 29 a 32°C. Posteriormente, ha uma diminui¢do gradativa até a quinta
semana estabilizando-se em 20°C (ABREU; ABREU, 2011). A maturacdo do sistema
termorregulador das aves ocorre por volta de 10 a 15 dias de idade (FURLAN;
MACARI, 2008), sendo que ap6s esse periodo as aves ficam mais suscetiveis a efeitos
do estresse por calor. Foi observado que frangos de corte com seis semanas de idade
expostos a apenas 3 horas didrias ao calor (35 + 1°C, 50 + 5% UR), apresentaram
aumento na temperatura corporal e na taxa respiratéria (HAN et al., 2010). Altas

temperaturas também provocam efeitos negativos na producéo de frangos de corte como



gueda expressiva no consumo de alimentos (BOIAGO et al., 2013) e aumento no
consumo de 4gua tornando as excretas e a cama mais Umidas, diminuicdo da taxa de
crescimento, piora na conversdo alimentar, aumento da morbidade e mortalidade das
aves. Além disso, compromete o sistema imunoldgico (JIANG et al., 2020), eleva a
producéo de corticosterona e reduz a atividade de enzimas antioxidantes (SUGIHARTO
et al., 2017). O estresse por calor também pode desencadear alteracfes na arquitetura
intestinal como redu¢do do nimero de vilos e menor taxa de proliferacao dos enterdcitos,
afetando diretamente a digestdo e absorcdo de nutrientes (MARCHINI, 2012). Desta
forma, o estresse térmico é responsavel por perdas econdmicas no setor avicola,
principalmente durante algumas estacdes do ano e em regides mais quentes (MIGNON-
GRASTEAU et al., 2015).

A administracdo de probi6ticos para frangos de corte pode diminuir os efeitos
do estresse por calor, reduzindo a concentracdo de corticosterona circulante (SOHAIL
et al., 2012). Embora 0s mecanismos pelos quais isso ocorre ainda nao sejam
completamente compreendidos, ha uma ligacdo entre o microbioma intestinal, eixo
hipotalamico-hipofisario e o estresse (GAREAU et al., 2007; RHEE; POTHOULAKIS;
MAYER, 2009). De acordo com Kawahito et al. (1994), o microbioma intestinal pode
estimular neurénios sensoriais e a producdo de citocinas. Assim, essas citocinas e outros
fatores desconhecidos secretados pelas células enterocromafins pode influenciar a
funcdo da glandula adrenal diminuindo as concentragdes de corticosterona.

Pesquisas com probidticos para frangos de corte relatam beneficios destes
aditivos, como no estudo de Jahromi et al. (2016) em gue a suplementacdo com uma
mistura probidtica (Lactobacillus pentosus ITA23 e Lactobacillus acidophilus ITA44)
nas dietas para frangos de corte submetidos a estresse por calor melhorou o ganho de
peso médio diario das aves, a capacidade antioxidante do figado, além de interferir
positivamente na microbiota do ceco com aumento das bactérias benéficas e diminuicdo
de Escherichia. coli. Foi observado por Ashraf et al. (2013) que houve aumento na altura
e na area de superficie das vilosidades do jejuno, além de maior nimero de células
caliciformes em frangos de corte expostos a estresse ciclico por calor por 8 h diarias
(35°C, 75% UR) e alimentados com dieta contendo probidticos. No estudo de
Abdelagader et al. (2020) com administracdo dietética de Bacillus subtilis para frangos
de corte expostos a estresse por calor crénico (30 + 1°C e 64 = 2% UR) de 22 a 35 dias
de idade, foi observado que houve efeito positivo no ganho de peso, conversao alimentar,

altura de vilosidade, area de superficie das vilosidades, profundidade de cripta e area de



células epiteliais absortivas, além de maior nimero de bactérias benéficas intestinais
(Lactobacillus e Bifidobacterium). Com isso, a suplementacdo de probiéticos na dieta
de frangos de corte pode ser uma alternativa viavel para a inddstria avicola podendo
melhorar a satde, desempenho e o bem-estar das aves criadas em condicGes de estresse

térmico.

2.3 Estresse oxidativo

Durante o metabolismo celular, especialmente na mitocondria, sdo formados
produtos intermediarios como radical superoxido (O2), perdxido de hidrogénio (H20,)
e radical hidroxila (OH?) nomeados como espécies reativas de oxigénio (EROs). A
sintese do radical superdxido acontece quando um elétron é adicionado a uma molécula
de oxigénio, por exemplo no processo da cadeia transportadora de elétrons das
mitocéndrias. As demais EROs sdo sintetizadas a partir do superéxido. Porém, em
contrapartida, o organismo desenvolveu mecanismos de defesa antioxidantes para
neutralizar ou minimizar os danos aos tecidos e 6rgaos, devido a producédo constante de
radicais livres (ARAUJO, 2015). O estresse oxidativo ocorre quando a producdo de
radicais livres supera a capacidade antioxidante.

As defesas antioxidantes no organismo podem ser ndo enzimaticas, sendo
exercidas por vitaminas, produtos naturais e produtos sintéticos adicionados na dieta. Ja
as enzimas com acao antioxidantes compreendem principalmente as enzimas superoxido
dismutase (SOD), catalase (CAT) e glutationa peroxidase (GSH-Px) (ARAUJO, 2015).
Para atacar bactérias invasoras indesejaveis, os macréfagos apés fagocitose podem
produzir elevadas concentracfes de O, e também outras EROs. De acordo com Li et al.
(2012) foi observado que em condicdes in vitro o probidtico Enterococcus faecium EF1
possui capacidade de evitar a estimulacdo imunoldgica excessiva em macrofagos
ativados. 1sso implica que o mesmo pode inibir o excesso do radical O2, que podem
causar danos as células e, consequentemente, afetar o desempenho animal.

A enzima SOD é uma importante defesa as células que sao expostas ao oxigénio
por catalisar a dismutacdo do superdxido em perdxido de hidrogénio e oxigénio
molecular (ARAUJO, 2015). Também elimina EROs nas células por meio de um
mecanismo de reacdo em cadeia, além de proteger as membranas celulares da
peroxidacdo lipidica. Durante o estresse térmico, por exemplo, 0 corpo gera maior
quantidade de EROs, o que pode prejudicar as fungbes celulares do corpo, resultando
em estresse oxidativo (SUMANU et al., 2019).



O malondialdeido (MDA) é um dos produtos finais da peroxidacdo de acidos
graxos poliinsaturados, sendo utilizado como biomarcador para a avaliagdo do estresse
oxidativo (ARAUJO, 2015). A peroxidacdo lipidica é a degradacio oxidativa dos
lipidios que ocorre como resultado de dano oxidativo por radicais livres, geralmente por
EROs, que capturam os elétrons dos lipidios das membranas celulares, resultando em
uma reagdo em cadeia bem definida com a formacéo de produtos finais, como o0 MDA.
O aumento da concentracdo de MDA ocorre em resposta a situacdes estressantes em
frangos de corte, incluindo o estresse por calor (SUMANU et al., 2019).

No estudo de Roushdy; Zaglool; El- Tarabany (2018), frangos de corte de 22 a
42 dias de idade em condicdes de estresse térmico crénico (4 ou 6 horas/dia a 36°C),
exibiram pior conversdo alimentar e aumento nos niveis séricos da enzima SOD. O grupo
submetido a estresse térmico por 6 horas/dia apresentou maior nivel sérico de MDA. De
maneira semelhante, Wang et al. (2019) observaram que frangos de corte com 28 dias
de idade expostos por 1 semana a temperatura de 36°C por 8 horas/dia, pioraram o
desempenho e aumentou a producdo de EROs e 0s niveis séricos de corticosterona e
MDA. Liu et al. (2020) mostraram que 10 horas diarias a temperatura de 32°C durante
2 semanas para frangos de corte, induziu o estresse oxidativo com reducdo da atividade

de enzimas antioxidantes e aumento de MDA no intestino delgado.

2.4 Antibidticos melhoradores de desempenho

Desde 1940, os antibiéticos foram utilizados na producdo animal tanto para
controlar doengas infecciosas quanto como melhoradores de desempenho, quando em
doses subterapéuticas (AL-KHALAIFAH, 2018), beneficiando a produtividade das aves
com melhorias no ganho de peso, conversao alimentar, reducdo na taxa de mortalidade
e na carga microbiana no TGI.

O sistema de producéo livre de antibioticos tem sido cada vez mais requerido
pelo mercado consumidor, principalmente apos a proibi¢&o do uso de antibidticos como
melhoradores de desempenho pela Unido Europeia em 2006. Assim, o desafio a ser
enfrentado é manter a alta produtividade das aves e, a0 mesmo tempo, garantir a
seguranca alimentar ao consumidor evitando contribuir para a possibilidade de geracdo
de resisténcia bacteriana a antibidticos utilizados na terapia humana (DERAZ;
ELKOMY; KHALIL, 2019). Outra preocupacdo é que com novas ferramentas

nutricionais utilizadas na producéo avicola pode-se aumentar o custo de producéo, sendo



necessario também um incremento nos precos do produto final, muitas vezes ndo aceitos
e pagos pelo consumidor (SMITH, 2011; CERVANTES, 2015).

Como parte das estratégias nutricionais, ha crescente demanda por pesquisas que
estabelecam novos aditivos dietéticos capazes de minimizar os efeitos negativos do
estresse por calor nas aves. Uma alternativa promissora corresponde ao uso de
probidticos e prebidticos (DERAZ; ELKOMY; KHALIL, 2019), estudados como
melhoradores do equilibrio microbiano intestinal, protetores contra patégenos intestinais
e moduladores do sistema imunoldgico (SONG et al., 2013). Na década de 70, Tortuero
(1973) realizou a primeira tentativa de utilizacdo de bactérias vivas em substitui¢do aos
antibidticos para aves. Desde entdo, diversos experimentos tém sido conduzidos com
probidticos para a compreensdo dos seus efeitos e mecanismos de agdo em frangos de

corte.

2.5 Probidticos

De acordo com a Food and Agriculture Organization/World Health Organization
(FAO/WHO, 2002), os probibticos sdo microrganismos Vivos que, quando
administrados em quantidades adequadas, conferem beneficios a salde do hospedeiro.
O numero de bactérias probidticas viaveis diminui drasticamente durante a passagem da
digesta pelo TGI, devido a presenca de acidos, bile, enzimas e mudancas de pH, os quais
ocasionam condicBes adversas. Além disso, a taxa de sobrevivéncia do probiético no
TGI depende também da maneira pela qual ele foi produzido e armazenado. Neste
contexto, a utilizacdo de agentes protetores apropriados aos probidticos pode aumentar
sua viabilidade e taxa de colonizacdo intestinal tanto em organismos hospedeiros
humanos guanto nos animais (ARCHACKA et al., 2019).

A administracdo oral de probidticos tem sido utilizada para melhorar a
microbiota e a funcionalidade intestinal, assim como para modular a producdo de
citocinas promovendo maior eficiéncia da mucosa intestinal contra patégenos (RAJPUT
et al., 2013a). E importante ressaltar que durante os primeiros dias de vida dos pintos de
corte, o sistema imunolégico e a microbiota intestinal ainda se encontram em
desenvolvimento. Portanto, o uso de probi6ticos dietéticos neste periodo mais critico
pode melhorar a salde geral e o desempenho de frangos na fase inicial resultando,
inclusive, em beneficios durante o restante do ciclo produtivo (MANAFI; HEDAYATI,
MIRZAIE, 2018). Seifi et al. (2017), também ressaltam que os probidticos devem ser

utilizados desde o inicio do alojamento das aves, uma vez que esses animais ao



eclodirem do ovo sdo considerados estéreis do ponto de vista microbioldgico, havendo
assim a necessidade de uma rapida colonizacdo do trato gastrointestinal das aves jovens
pelas bactérias benéficas presentes no aditivo utilizado nas ragoes.

O uso de probidticos para otimizar o controle de doencas entéricas é relevante
visto que podem suprimir a colonizagdo intestinal por bactérias patogénicas por varios
mecanismos de acdo. Alguns dos mecanismos estdo relacionados a competi¢do por sitios
de ligacdo, competicdo por nutrientes, antagonismo direto, estimulo do sistema imune,
restauracdo da microbiota, efeito nutricional e reducdo/neutralizacdo de enterotoxinas
(BORTOLUZZI et al., 2019). Outros beneficios proporcionados pelos probidticos
incluem: fermentacdo de substratos resultando na producdo de acidos graxos de cadeia
curta e consequentemente reducdo do pH; producdo de metabdlitos, como vitaminas do
complexo B e enzimas digestivas; estimulacdo do sistema imunoldgico influenciando a
renovacgdo dos enterdcitos; diminuicdo dos niveis intestinais de amonia promovendo
desintoxicacao do contetdo do colon e reducdo das concentracGes séricas de colesterol
(RONDON, 2019).

A maioria dos probidticos utilizados pertencem ao grupo das bactérias acido
lacticas (BALS), as quais sdo classificadas como Gram positivas produtoras de acido
lactico pela fermentagcdo de carboidratos. As BALs produzem diversos compostos
antimicrobianos como &cidos, diacetil, peroxido de hidrogénio, dioxido de carbono,
alcool, aldeido e bacteriocinas. Todos estes compostos, principalmente as bacteriocinas
(compostos proteicos), podem promover efeito bactericida com ou sem lise celular ou
também ocasionar efeito bacteriostatico, inibindo a multiplicacdo bacteriana (MORENO
et al., 1999; SILVA et al., 2020). As cepas probioticas mais utilizadas sdo bactérias do
tipo Lactobacillus (L. plantarum, L. bulgaricus, L. helveticus, L. acidophilus, L. lactis,
L. casei e L. salivarius), Bacillus subtilis, Enterococcus (E. faecium e E. faecalis) e
Bifidobacterium spp., leveduras (Saccharomyces cerevisiae) e fungos filamentosos
(Aspergillus oryzae).

Embora a recomendacdo de uma composicdo probidtica ideal dependa de
diversos fatores, € consenso que a eficacia dos probidticos é dependente da espécie
microbiana, da quantidade de unidades formadoras de col6nias (UFC) e do tempo de
administracdo utilizado. E importante ressaltar que a administracio dietética de uma
mistura de microrganismos com acdo probidtica pode ser uma estratégia interessante
para aumentar a diversidade da microbiota e, consequentemente, melhorar a salde

intestinal. No estudo de Song et al. (2014), a suplementacéo da dieta com uma mistura
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probidtica (B. lincheniformis, B. subtilis e L. plantarum) aumentou a altura das
vilosidades no jejuno, o nivel de ocludinas e a presenca de Lactobacillus e
Bifidobacterium no intestino delgado, além de melhorar a conversdo alimentar e
diminuir a presenga de coliformes no intestino delgado de frangos de corte submetidos
ao estresse por calor (33°C, 10 h/dia). Tais resultados demonstram que a mistura de
probidticos melhorou a salde intestinal. De maneira semelhante, Sohail et al. (2012)
observaram que a mistura probidtica (L. plantarum, L. delbrueckii ssp. Bulgaricus, L.
acidophilus, L. rhamnosus, B. bifidum, S. salivarius ssp. Thermophilus, E. faecium)
fornecida para frangos de corte apds os 21 dias de idade e submetidos a estresse por
calor, resultou em maior largura e area de superficie das vilosidades no ileo comparado

ao grupo controle.

2.5.1 Lactococcus lactis

O género Lactococcus € classificado como uma BAL com importancia
econdmica e de interesse industrial. Além de possuir genoma completamente
sequenciado também se apresenta como um microrganismo de facil manipulacdo e
seguranca (com o status de GRAS - Generally Recognized As Safe). E amplamente
utilizado na industria alimenticia para fabricacdo de produtos lacteos e, atualmente, ha
crescentes pesquisas sobre sua utilizagdo para a producao de vacinas vivas de mucosa e
aplicacBes promissoras como suplementos probidticos (ARCHACKA et al., 2019).
Além disso, 0 seu uso prolongado tem menor potencial imunotolerante ou efeitos
colaterais, por se tratar de uma bactéria ndo invasiva e ndo comensal.

A fim de conceder beneficios a salde no organismo do hospedeiro, os L. lactis
devem permanecer metabolicamente ativos no célon. Por isso, devem ser resistentes a
acidez gastrica quando administrados concomitantemente com alimentos, mantendo-se
entdo biologicamente ativos durante a passagem pelo TGl (ARCHACKA et al., 2019).

A maioria dos trabalhos com BALs sdo com espécies de Lactobacillus e
Bifidobacterium, porém cepas como L. lactis também exibem efeitos benéficos no TGl
e possuem propriedades probidticas. Por exemplo, a subespécie lactis NCDO 2118 é
uma cepa nao lactea, isolada de ervilha congelada e fermentadora de xilose, por ser
associada as plantas (SIEZEN et al., 2008). Tal cepa ¢é capaz de produzir o acido gama-
aminobutirico (GABA), produto da descarboxilacdo do L-glutamato mediado pela
enzima glutamato descarboxilase, sendo 0 neurotransmissor mais amplamente

distribuido no sistema nervoso central de vertebrados (MAZZOLI et al., 2010). Foi
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relatado por Dai et al. (2011) efeitos benéficos do GABA em frangos de corte
submetidos ao estresse por calor (30 a 34°C, por 9h diarias), observando-se melhor
desempenho e melhora nas caracteristicas de carcaca. Além disso, houve aumento nas
concentragdes séricas de T3, insulina, glutamina, glutamato e reducéo de corticosterona.
Os autores reportam que GABA é um agente anti-estresse que influencia na atividade da
tireoide e inibe interneurénios hipotalamicos e vias aferentes envolvidas na regulacéo de
hormdnio adrenocorticotropico.

Os efeitos de L. lactis NCDO 2118 ainda foram pouco elucidados, porém Luerce
et al. (2014) avaliou o potencial de modulagdo imunoldgica da linhagem em condigdes
in vitro e observou que a mesma foi capaz de reduzir os niveis de secre¢do de IL-8
induzida por IL-1B em células Caco-2, sugerindo um efeito anti-inflamatério. No mesmo
estudo, porém em condi¢es in vivo, a administracao oral da cepa aliviou os sintomas de
colite em camundongos associado ao aumento na producao de IL-6 e IL-10 no coélon,
além do numero aumentado de células T reguladoras (CD4 +) em linfonodos
mesentéricos e no baco. Ja no estudo de Sousa (2013) com camundongos infectados por
Toxoplasma gondii, houve efeito da administracdo oral de lactis NCDO 2118 apenas na
reducdo da atividade das enzimas N-Acetyl-B-D-Glucosaminidase (NAG) e
mieloperoxidase (MPQO), que parece estar relacionada com a diminui¢do da inflamacgéo
intestinal.

Portanto, visto que esta linhagem possui propriedades anti-inflamatérias e ainda
ndo foram encontradas pesquisas na literatura cientifica com a utilizacdo da mesma para
frangos de corte, ha necessidade de avaliacdo dos seus possiveis efeitos probioticos e de

ser uma alternativa para o tratamento de doencas inflamatorias intestinais em aves.

2.5.2 Lactobacillus delbrueckii

O género Lactobacillus é um dos maiores grupos de BALs compreendendo cerca
de 50 espécies, sendo que L. delbrueckii apresenta trés subespécies (delbrueckii,
bulgaricus e lactis). Estas bactérias tem sido muito utilizadas nos processos de
fermentacdo de alimentos, principalmente em laticinios, na fabricagdo de queijos e
iogurte (DE ANGELIS; GOBBETTI, 2004).

E uma bactéria Gram positiva, longa e filamentosa, considerada acidrica ou
acidofilica, pois requer para seu crescimento étimo um pH baixo (4,6 a 5,4) (CANBAY
et al., 2015). Os Lactobacillus constituem uma porcgdo significativa da microbiota

intestinal, sendo alguns dos seus beneficios probi6ticos ja relatados como: aumento da
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producdo de imunoglobulinas, indugdo da expressdo de interferon em macréfagos,
acidificacdo do ambiente local, efeitos hipocolesterolémicos, ligagdo de compostos
mutagénicos, producdo de bacteriocinas e prevengdo de adesao de bactérias patogénicas
as células epiteliais (DE ANGELIS; GOBBETT]I, 2004). No sequenciamento do genoma
de Lactobacillus delbrueckii, foi confirmado que a cepa é um membro do complexo
acidophilus, grupo de Lactobacillus que contém espécies com propriedades probidticas
(NICOLAS et al., 2007; ROCHA et al., 2012).

A cepa L. delbrueckii subsp. lactis CNRZ 327 é uma bactéria lactea isolada de
queijo, capaz de suprimir a ativacdo do fator nuclear kappa B (NF-kB) em células
epiteliais intestinais in vitro por meio da reducéo da fosforilacdo de IkB (inibidor da NF-
kB) (ROCHA et al., 2012). O NF-kB é um fator de transcrigdo envolvido no controle da
expressao de diversos genes ligados a resposta inflamatoria. Em posterior estudo in vivo
com camundongos, com colite induzida por sulfato de sédio dextrano (DSS), Rocha et
al. (2014) observaram que L. delbrueckii subsp. lactis CNRZ 327 reduziu produgéo de
TGF-B, IL-6 e 1I-12 no célon e TGF-B e IL-6 no bago. Também ocasionou uma expansao
de células T reguladoras CD4+Foxp3+ nos linfonodos cecais, além de quase anular
alteracBes histoldgicas intestinais no colon (perda de arquitetura da mucosa, edema,
deplecdo de células caliciformes, etc.) causadas por DSS. Este foi o primeiro estudo a
mostrar que Lactobacillus administrados via oral podem ndo apenas modular as
respostas imunoldgicas das mucosas, mas também sistémicas, e constituir um tratamento
eficaz para as doencas inflamatorias intestinais. Considerando os resultados benéficos
obtidos em camundongos no estudo de Rocha et al. (2014), ha o interesse em verificar
se L. delbrueckii lactis CNRZ 327 exibe acdo probidtica para frangos de corte, ja que

essa informacdo ndo foi encontrada na literatura cientifica até o presente momento.

2.5.3 Escherichia coli

Desde o momento da ecloséo, o pintainho é exposto a diversos microrganismos
presentes no ambiente, na agua e na racao, que podem colonizar seu TGI. Além disso, a
colonizacdo por Escherichia pode ocorrer antes mesmo da eclosdo, por meio da
transmissdo vertical in ovo, quando h& exposicdo a essa bactéria (PEDROSO; LEE,
2015).

Escherichia coli é uma proteobactéria, Gram negativa e anaerdbia facultativa
presente em altas concentracfes na microbiota intestinal nos primeiros dias de vida dos

pintainhos. Jurburg et al. (2019) observaram que em pintainhos de um dia de idade houve
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predominio de Escherichia/Shigella no contetido fecal, representando 42,5% de toda
comunidade microbiana, e que houve diminuicdo gradual até o 28° dia, quando a
populacéo de E. coli foi reduzida a aproximadamente 0,1%.

H& muitas controvérsias na literatura, pois a E. coli pode se apresentar como
cepas comensais, probidticas ou altamente patogénicas, sendo a E. coli comensal
residente na camada de muco e adaptada para o uso deste componente como fonte de
nutrientes ao seu metabolismo. Algumas E. coli podem alterar a estrutura e
funcionalidade do epitélio intestinal comprometendo o desenvolvimento saudavel da
microbiota, enquanto outras podem estimular a maturacdo de algumas células que
contribuem para a homeostase intestinal e maturacdo do sistema imune (ESCRIBANO-
VASQUEZ et al., 2019).

Analisando amostras de ileo e cdélon, Escribano-Vasquez et al. (2019)
verificaram que a inoculagéo de E. coli CEC 15 em camundongos aumentou a expresséo
de genes que codificam enzimas envolvidas no turnover de espécies reativas de oxigénio
e nitrogénio (duox2, duoxa2, nos2, gpx2 e noxl), peptideos antimicrobianos (reg3-y,
reg3-p, pla2g2a, ang4, fut2) e fatores envolvidos na resposta imune (interleucinas, TNF-
a, IFN-y) os quais estdo relacionados a manutencdo da homeostase intestinal.
Considerando os resultados benéficos obtidos com camundongos no estudo de
Escribano-Vasquez et al. (2019), ha o interesse em verificar se a cepa ndo-patogénica E.
coli CEC 15 exibe acéo probidtica para frangos de corte, ja que essa informacdo ndo foi

encontrada na literatura cientifica até o presente momento.

2.5.4 Saccharomyces boulardii

A microbiota comensal ¢ composta por aproximadamente 10 células de
diferentes microrganismos, sendo que leveduras compdem uma fracdo menor que 0,1%
da mesma. As leveduras pertencem ao grupo de células eucarioticas simples, diferindo-
se dos probidticos bacterianos que sdo células procariotas. Se desenvolvem bem em pH
entre 7 e 8, porém seu crescimento ideal ocorre entre 4,5 e 6,5. Algumas espécies ainda
podem crescer em pH 3,0 e tolerar condi¢Ges altamente &cidas em pH 1,5 sendo
resistentes a enzimas gastrointestinais, sais biliares, &cidos orgénicos e varia¢oes de pH
e temperatura (CZERUCKA; PICHE; RAMPAL, 2007). Portanto, sdo promissoras
como probidticos devido sua acdo em diferentes locais no TGI, além de resistir a
antibidticos e ndo transmitir material genético, proporcionando maior seguranga em
combinagdo com antibioticoterapia (CZERUCKA,; PICHE; RAMPAL, 2007).
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Dentre as leveduras probidticas se destaca a Saccharomyces boulardii, isolada
pela primeira vez a partir de frutos de lichia por Henri Boulard na década de 1920 e é
um dos probidticos que oferece caracteristicas benéficas a salde intestinal. Esta cepa
pode exercer efeito benéfico contra patdgenos entéricos, como Clostridium difficile,
Vibrio cholerae, Salmonella, Shigela e E. coli, sendo seus principais mecanismos de
acdo a producdo de fatores que neutralizam as toxinas bacterianas e modulacdo via
sinalizacdo da célula hospedeira na resposta pr6 inflamatéria durante a infecgdo
bacteriana (CZERUCKA; PICHE; RAMPAL, 2007). Os resultados de Manafi;
Hedayati; Mirzaie (2018) mostraram que frangos de corte suplementados com S.
boulardii apresentaram menor nimero de coliformes como Salmonella e E. coli no ceco,
além de melhorar o desempenho e a morfologia das vilosidades intestinais.

Rajput et al. (2013a) observaram que S. boulardii melhora significativamente o
peso vivo, modula a morfologia intestinal (aumento dos niveis de ocludinas e claudinas,
altura e largura das vilosidades e o nimero de células caliciformes) e esta envolvida no
mecanismo de desenvolvimento da imunidade da mucosa em frangos de corte. Além
disso, pode melhorar a atividade das enzimas digestivas e fun¢es antioxidantes, sendo
considerado um aditivo antioxidante natural para ragdes de frangos de corte (RAJPUT
etal., 2013b). Também exerce efeitos sobre a prevencao e tratamento de diarreias, sendo
que ap6s uma dishiose a S. boulardii proporciona reestabelecimento mais rapido da
microbiota saudavel (MORE; SWIDSINSKI, 2015).

Portanto, estudos que avaliam o potencial probiético de S. boulardii para frangos
de corte ainda sdo escassos € ainda ndo se o conhece os efeitos desta levedura quando 0s
mesmos sao criados em condicdo de estresse por calor. Diante do exposto, 0 presente

estudo faz-se necessario para compreensao desses fatores.
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Performance, intestinal health, and redox status of broilers fed diets containing probiotics and
exposed to heat stress from 15 days of age

Jéssica Carla da Dores Ribeiro et al.

ABSTRACT
The poultry sector demands alternative additives to antibiotics that can be used as performance
enhancers. Therefore, an experiment was conducted to evaluate the effects of probiotics on
performance, intestinal health and redox status of broilers exposed to heat stress from 15 days of age.
A total of 720 Cobb-500 broilers were distributed in eight treatments (diets), evaluated in six
replicates of 15 broilers, as follows: basal diet (BD) without antibiotic and probiotic (T1); BD
supplemented with zinc bacitracin (T2), BD supplemented with a commercial probiotic of Bacillus
subtilis DSM 17299 (T3); BD supplemented with non-commercial probiotic of Lactococcus lactis
NCDO 2118, Lactobacillus delbrueckii CNRZ 327, Escherichia coli CEC 15 or Saccharomyces
boulardii (T4, T5, T6 and T7, respectively), and BD supplemented with the association of the four
non-commercial probiotics (T8). Feed intake (FI), weight gain (WG) and feed conversion (FC) were
determined in the period from 1 to 42 days of age. Carcass and cuts yield, abdominal fat deposition,
cloacal temperature, weight and length of intestine, activity of myeloperoxidase and eosinophilic
peroxidase enzymes in the jejunum, jejunal histomorphometry, gene expression in the jejunum
(occludin, zonulin, interleukin-8, cholecystokinin, ghrelin and heat shock protein-70) and liver (heat
shock protein-70), in addition to malondialdehyde (MDA) level and superoxide dismutase (SOD)
activity were measured in the intestine, liver and blood of broilers at 42 days old. Broilers fed diet T1
exhibited lower (P < 0.05) WG and live weight at slaughter, in addition to worse FC (P < 0.05).
However, diets containing one or the probiotics blend resulted in better WG, FC and live weight at
slaughter, similar to that observed for broilers of the T2 group. The highest (P < 0.05) cloacal
temperature was determined in broilers of the T6 group. There was higher (P < 0.05) hepatic MDA
concentration in the broilers of the T1 and T7 groups, and lower concentration (P < 0.05) in group
T3. In blood, the MDA content was higher (P < 0.05) in the T4 group and lower (P < 0.05) in the T5
group. The T8 diet resulted in higher (P < 0.05) serum SOD activity, while diets T1 and T5 resulted
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in lower (P < 0.05). There was no effect (P > 0.05) of the experimental diets for the other evaluated
parameters. It is concluded that broilers challenged by heat stress from 15 days of age and fed diet
without antibiotic or probiotic exhibit worse performance. However, all non-commercial probiotics
evaluated supplemented alone or as a blend showed to be efficient in improving the broiler
performance in a similar magnitude to that observed when the diet contained the antibiotic zinc
bacitracin or the commercial probiotic of Bacillus subtilis DSM 17299.

Keywords: Feed additive. Functional nutrition. Gut health. Performance. Poultry.
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1 INTRODUCTION

Brazil has a prominent position in global agribusiness, being the largest exporter and the
third-largest producer of broiler meat, with 4.292 million tons exported and 13.845 million tons
produced in 2020 (ABPA, 2022). Industrial poultry is a sector responsible for generating animal
protein of high nutritional quality from fast production cycles, in which broilers are slaughtered at an
age close to 42 days. Therefore, feed efficiency and high broiler performance are central factors for
broiler production success. In this context, since the last century middle, the use of subtherapeutic
doses of antibiotics as broiler performance enhancers was considered a strategy to reduce losses due
to deaths and diseases, collaborating for the establishment of better productive indices of the lots
(SALIM et al., 2018).

However, the widespread use of antibiotics in animal production has generated increasing
concerns on the part of the consumer market, regulatory entities and society in general with regard to
greater bacterial resistance to antibiotics used in human therapy. Following the ban on the antibiotics
use as performance enhancers in the broilers production by the European Union in 2006, more and
more countries have also restricted their use since then (SALIM et al., 2018). Given this scenario, the
establishment of alternative strategies to the antibiotics use as performance enhancers are aligned
with poultry sector demands (RAFIQ et al., 2022), and previous research shows that dietary
supplementation with probiotics can benefit the health (WU et al., 2019) and improve the broilers
performance (AMERAH et al., 2013; REIS et al., 2017).

Another current poultry challenge, mainly in countries with a tropical climate, is the increased
ambient temperature due to global warming that the world is going through. Lineages that exhibit
rapid growth rates are even more susceptible to heat stress, due to their higher metabolic activity and
higher body heat production (LIU et al., 2020). Heat stress can trigger several physiological and
metabolic changes, such as increased body temperature, immune system depression, structural and
functional damage to the intestinal epithelium, intestinal microbiota imbalance, among others, which
can negatively impact the broiler production (ST-PIERRE et al., 2003; LARA and ROSTAGNO,
2013; ROSTAGNO, 2020; NAWAZ et al., 2021).

Wang et al. (2018) demonstrated that dietary supplementation with Bacillus subtilis improved
the performance, behavior and immunity of broilers exposed to heat stress. Sohail et al. (2013), Al-
Fataftah and Abdelgader (2014), Jahromi et al. (2016), and Abdelgader et al. (2020) also observed
that probiotics added in the feed improved the performance of broilers reared under heat stress
conditions. Sugiharto et al. (2017), in a review work, compiled studies in which diets containing
probiotics resulted in benefits for the production of broilers under heat stress. On the other hand, these

authors also emphasize that it is necessary to consider that distinct probiotics can trigger different
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effects, and that there are studies in which no effect was observed in broilers fed diets supplemented
with probiotics.

Up to the present date, no work has been found evaluating the effects of the non-commercial
probiotics Lactococcus lactis NCDO 2118, Lactobacillus delbrueckii CNRZ 327, Escherichia coli
CEC 15, and Saccharomyces boulardii on broilers reared under heat stress conditions. Therefore, this
experiment was conducted to evaluate the effects of these four non-commercial probiotics,
supplemented in the diet individually or as a blend, on performance, intestinal health and redox status
of fast-growing broilers exposed to heat stress from 15 days of age, comparing them to diets
supplemented with the antibiotic zinc bacitracin or with the commercial probiotic of Bacillus subtilis
DSM 17299.

2 MATERIALS AND METHODS
2.1 Ethics statement

The experiment was conducted in a conventional shed for broilers in the Poultry Sector of the
Animal Science Department of the Federal University of Lavras (UFLA). All experimental
procedures involving broilers were approved by the Ethics Committee on Animal Use of the UFLA,

under protocol humber 006/2020.

2.2 Broilers, experimental design and diets

One-day old male Cobb-500 broiler chicks were acquired from a commercial hatchery. The
experimental design was randomized blocks with the right and left sides of the shed as the blocks.
Eight diets were evaluated in six replicates (experimental units; boxes) of 15 broilers each, totaling
48 experimental units and 720 broilers. The experimental diets were T1: basal diet (BD) without
probiotic and antibiotic; T2: BD supplemented with zinc bacitracin (55 mg of active ingredient/kg of
feed); T3: BD supplemented with a commercial probiotic of Bacillus subtilis DSM 17299 (1 x 10°
CFU/kg of feed); T4, T5, T6, and T7: BD supplemented with non-commercial probiotics of
Lactococcus lactis NCDO 2118, Lactobacillus delbrueckii CNRZ 327, Escherichia coli CEC 15 or
Saccharomyces boulardii, respectively (each supplemented alone at a concentration of 1 x 10°
CFU/kg of feed); and T8: BD supplemented with the combination of the four non-commercial
probiotics (from T4 to T7; 1 x 10° CFU of each probiotic/kg of feed, totaling 4 x 10° CFU/kg of feed).

Non-commercial probiotics were produced in the Laboratory of Cellular and Molecular
Genetics of the Federal University of Minas Gerais (UFMG). The BD was based on corn and soybean
meal, formulated according to the nutritional requirements reported in the lineage manual (COBB,
2018) for periods from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age (Table 1). The diets and
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water were provided ad libitum to the broilers throughout the experimental period from 1 to 42 days
of age.

2.3 Facilities and environmental conditions

Each box, with dimensions of 2.0 x 1.5 m, contained an incandescent lamp for heating, a
tubular feeder, and a bell drinker, and the floor was covered with wood shavings. Each side of the
shed was equipped with fans. Curtains were installed on the sides of the shed to control ventilation
and the incidence of sunlight. The mean relative humidity recorded in the shed throughout the
experimental period was 50.5 £ 5.1%. The light program used consisted of 1 h of darkness (1 to 7
days of age), 8 h of darkness (8 to 20 days of age), 7 h of darkness (21 to 35 days of age) and 6 h of
darkness (36 to 42 days of age) (COBB, 2018).

The ambient temperatures were recorded every 30 min by seven data logger sensors (Onset,
HOBO model), positioned at a height compatible with the broilers height and distributed three on
each shed side and one on central hall of the shed. Throughout the experimental period, the curtains
and heating lamps were management so that the internal temperature of the shed remained as high as
possible between 09:00 a.m. and 5:00 p.m., but without exceeding a mean of 32°C for the period
(CHENG et al., 2019). In the other hours of the day (5:00 p.m. to 9:00 a.m.), the curtains, lamps and
fans were management to provide milder ambient temperatures.

According to the lineage manual (COBB, 2018), the thermal comfort temperatures for broilers
as a function of age are 32°C from 1 to 3 days, 30°C from 4 to 7 days, 28°C from 8 to 14 days, 25°C
from 15 to 21 days, 22°C from 22 to 35 days, and 20°C from 36 to 42 days. By considering the
temperatures recorded in the shed (Table 2), it is possible observe that the mean temperatures were
lower than the reference values in the period from 1 to 14 days of age of broilers. However, it is
important to emphasize that each box contained a heating lamp, which we left on whenever necessary,
and that the data logger sensors were not positioned close to the heat lamps, to avoid interference in
the temperature records. Thus, until 14 days of age, there was no cold stress because the broilers used
the heating source as needed for their thermoregulation. On the other hand, the broilers were exposed
to heat stress from 15 to 42 days of age. In this experiment, the heat challenge was established in this
period as it is a critical phase in the broiler industry, in which large economic losses occur especially
in tropical and subtropical regions. From 15 days of age, commercial lineages broilers are more
vulnerable to heat stress due to high metabolic heat production and its reduced ability to dissipate
excess body heat due to feather coverage and limited sweat glands (LI1U et al., 2020). Moreover, heat
stimulation from days 15 to 42 has been used previously as an environmental stressor for broilers
(MAHMOUD et al., 2015; MOHAMMED et al., 2018; JIANG et al., 2020).
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2.4 Experimental procedures and evaluated parameters

The broilers performance was determined over the total rearing period from 1 to 42 days of
age. At 42 days of age and after fasting for 8 h, one broiler from each experimental unit was selected
according to the mean weight of the plot (standard deviation £ 3%), which corresponding to six
broilers per treatment. These broilers were used to determine the carcass and cuts yield, and
abdominal fat deposition.

Moreover, another broiler from each experimental unit was selected at 42 days of age according
to the mean weight of the plot (standard deviation + 3%), corresponding to six broilers per treatment.
These broilers were not subjected to fasting, to avoid emptying of their digestive tract and standardize
slaughter in the absorptive state. These broilers were used for determining of the cloacal temperature,
intestinal length and weight, activities of enzymes related to inflammatory infiltrate in the jejunum,
intestinal histomorphometry, gene expression in the jejunum and liver, and redox status in the

jejunum, liver, and blood.

2.4.1 Performance, carcass and cuts yield, and abdominal fat deposition

The broilers performance was measured from 1 to 42 days of age. Feed intake equaled the
difference between the amount of feed provided and the leftovers in a period. The weight gain was
calculated by subtracting the final weight from the initial weight of the broilers. The feed conversion
was calculated by dividing the feed intake by the weight gain of the broilers. The mortality of the
broilers was recorded daily and used to correct the performance results.

At 42 days of age and after fasting for 8 h, the selected broilers were individually weighed,
slaughtered by cervical dislocation followed by bleeding, scalded, plucked, and eviscerated. The
carcass yield equaled the relationship between the weight of the clean carcass (without feet, head, and
neck) and the live weight. The yields of wings, thighs + drumsticks, and breast were calculated by
correlating the cut weight with the weight of the eviscerated clean carcass. To determine the
percentage of abdominal fat deposition, the fat present in the region between the bursa of Fabricius
and the cloaca was collected, weighed, and correlated with the weight of the eviscerated clean carcass
as described by Gomide et al. (2014).

2.4.2 Cloacal temperature, length and weight of the intestine, and activities of enzymes related
to inflammatory infiltrate in the jejunum
Once the broilers were selected, their cloacal temperature was measured using a digital

thermometer (+ 0.01°C accuracy) kept inside the cloaca for approximately 1 min. Posteriorly, the
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broilers were individually weighed, slaughtered by cervical dislocation followed by bleeding, and
eviscerated. The entire intestine (duodenum associated with pancreas, jejunum, ileum, cecum, and
colon) was weighed on an analytical scale and measured with a tape measure (FERNANDES et al.,
2014).

Fragments approximately 1 cm long were collected from the jejunum, immediately frozen in
liquid nitrogen, and stored at -80°C until the determination of myeloperoxidase and eosinophil
peroxidase activities. The enzymatic activities were measured in the homogenate of jejunum tissue
as described by De Jesus et al. (2019). Briefly, the homogenate preparation consisted of tissue
extraction with 0.1 M PBS (pH 7.4) followed by centrifugation (3000 x g for 10 min) and
resuspension of the pellet with 0.5% hexadecyltrimethylammonium bromide (HT AB-Sigma-Aldrich,
USA\) in phosphate buffer. After centrifugation (3000 x g for 15 min), the supernatant was collected.
The absorbances were measured in the colorimetric assays at 492 nm and 450 nm by using a
microplate spectrophotometer (Bio-Rad 450 model, Bio-Rad Laboratories, Hercules, CA, USA) for
the determination of eosinophil peroxidase and myeloperoxidase activity, respectively. Results are

expressed as enzyme units (based on absorbance)/mg of tissue.

2.4.3 Intestinal histomorphometry

After slaughter, jejunum fragments of approximately 6 cm were longitudinally opened,
carefully washed, rolled in the form of a roulade from the proximal portion to the distal portion, and
transferred to a collection jar with a lid containing 10% buffered formalin solution. The fragments
were kept in the jar for at least 48 h until processing. Then, the samples were dehydrated in an
increasing series of ethanol, cleaned with xylene, and embedded in paraffin blocks. After blocks
cleavage, 5-um cross-sections were placed on a glass slide and stained with hematoxylin and eosin
(HE) for microscopic evaluation.

The histological fields were observed by means of an optical microscope with a 4x
magnification objective (Olympus CX31, Tokyo, Japan) equipped with a digital camera (Olympus
SC30) and coupled to the image acquisition system (AnalySIS getlT). Images were analyzed using
ImageJ software (version 1.52a) with a calibrated micrometric ruler. A total of 15 intact and well-
oriented villi-crypt units were measured for each analyzed image. The following parameters were
measured: villus height, from the base to the villus apex; villus width, in about the middle of the
villus; crypt depth, from the muscularis mucosae to the villus base; crypt width, in about the middle
of the crypt; and mucosa height, from the base of the muscularis mucosae to the villi apex. The

villus/crypt ratio was calculated by dividing the villus height by the crypt depth. Villus surface area
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(VSA) and intestinal absorption area (IAA) were calculated using the formulas described by Dong et
al. (2014) and Kisielinski et al. (2002), respectively:

VSA:

Villi width \/(Villi width

2
e e 1o
> > ) + Villi height

T , 2 L 2
(Villi width - Villi height) n (Vllll \:ldth + CryptZWLdth) _ (Vllll \:ldth)

IAA: (Villiwidth + Crypt width)
2 2

2.4.4 RNA extraction and quantitative polymerase chain reaction (qPCR)

Approximately 1 cm of jejunum and 0.2 g of liver were collected and stored in RNAlater
(Invitrogen, Carlsbad, CA, USA) at -20°C until extraction for RT-gPCR analysis. Total RNA was
extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's
instructions, quantified in a NanoDrop® 2000 spectrophotometer (Thermo Scientific, Waltham, MA,
USA), and evaluated for integrity in 1.0% agarose gel electrophoresis. cDNA was generated from
total RNA by using the commercial ImProm Il Reverse Transcription System kit (Promega) according
to the manufacturer's recommendations. Quantitative PCR was performed with SYBR® Green
(ThermoFisher, Waltham, MA, USA) under the following conditions: 95°C for 3 min, followed by
40 cycles of 95°C for 55, at 56°C for 10 s, at 72°C for 25 s, at 65°C for 55, and at 95°C for 50 s. The
levels of target genes were calculated by the AACt comparative method with normalization to B-actin
and GAPDH (endogenous references) in the same sample. The reactions were performed in duplicate.
In the jejunum, the genes expression of intestinal barrier (tight junctions — occludin and zonulin),
interleukin-8, hormones (cholecystokinin and ghrelin), and heat shock protein (HSP70) were

evaluated. Moreover, HSP70 mRNA expression was measured in the liver.

2.4.5 Redox status

To evaluate the redox status, 2 mL of blood was collected in tubes without anticoagulant but
containing clot activator (BD Vacutainer, Juiz de Fora, MG, Brazil). After blood centrifugation (1000
x g for 20 min at 4°C), the serum was collected and stored at -80°C. Samples of approximately 1 cm
in length of jejunumand 0.2 g of liver were also collected, immediately frozen in liquid nitrogen, and

stored at -80°C. Therefore, the activity of the superoxide dismutase (SOD) enzyme and the
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concentration of malondialdehyde (MDA) were determined in the jejunum and liver extracts, and
serum.

SOD activity was determined by indirect method using the SOD assay colorimetric kit (catalog
number 19160, Sigma-Aldrich, St. Louis, MO, USA). The assay enzyme was conducted by following
the manufacturer instruction. The tissue extract or serum was incubated at 37°C for 20 min after
gentle shaking and added 20 pL of the kit enzyme working solution. The absorbance readings were
performed at 450 nm and the SOD activity was calculated using the equation:

[(blank 1-blank 3)—(sample A—sample A’s blank 2)]

0 i
% SOD aCtIVIty { blank 1-blank3

}x 100

where blank 1 was a mixture of ddH,O, working solution, and enzyme working; blank 2 contained
the sample with working solution and dilution buffer; while ddH-0, working solution and dilution
buffer were added in the blank 3.

The proteins contents in the tissue extract or serum were determined according to Bradford
(1976), using bovine serum albumin as a standard protein. Therefore, the SOD activity results were
expressed as % activity/mg protein.

The MDA concentration was determined by using the Lipid Peroxidation Assay colorimetric
kit (catalog number MAKO085, Sigma-Aldrich, St. Louis, MO, USA). In this kit, lipid peroxidation is
determined by the reaction of MDA with thiobarbituric acid to form a colorimetric product at 532
nm, proportional to the MDA present in the sample. The MDA concentration was expressed as
nmol/mL of jejunum or liver extract, or serum. All absorbance readings were performed by using the
PowerWave™ XS Microplate Scaring Spectrophotometer (Bio-Tek Instruments, Potton, United

Kingdom).

2.5 Statistical analysis

The data were analyzed with SAS on demand for academics (SAS Institute Inc., 2012). The
data normality was assessed by the Shapiro-Wilk test. Data with normal distribution were subjected
to analysis of variance (ANOVA) using the GLM procedure, and when significant, the means of the
treatments were compared using Tukey’s test at 5% probability. The data with a non-normal
distribution were subjected to nonparametric variance analysis using the NPAR1 WAY procedure by
applying the Kruskal-Wallis test, and the means of the treatments were compared using Tukey’s test
at 5% probability. Jejunum histomorphometric data (crypt depth, crypt width, mucosa height, and

villus surface area), gene expression in the jejunum (occludin, zonulin, HSP70, cholecystokinin,
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ghrelin, and IL-8), HSP70 expression in the liver, and eosinophil peroxidase activity exhibited non-
normal distribution. All other data exhibited normal distribution.

3 RESULTS

There was no difference (P > 0.05) in feed intake by broilers from 1 to 42 days of age, being
determined the average intake of 5.433 kg of feed/broiler when all treatments are considered (Table
3). However, the broilers raised under heat-stress condition and fed diet without zinc bacitracin and
probiotic exhibited lower (P < 0.05) weight gain and live weight at slaughter, in addition to worse (P
< 0.05) feed conversion. All diets containing probiotics supplemented alone or in combination
resulted in weight gain, feed conversion, and live weight at slaughter similar to those observed for
the broilers that received basal diet supplemented with antibiotic. There was no difference (P > 0.05)
between treatments for carcass yield, cuts yield (wings, thighs + drumsticks, or breast), and the
percentage of abdominal fat deposition determined at 42 days old broilers.

The highest (P < 0.05) cloacal temperature was measured in the broilers that received the diet
supplemented with E. coli (Table 4). The diets containing L. delbrueckii and S. boulardii resulted in
intermediate cloacal temperature, and the other evaluated diets resulted in the lowest cloacal
temperature. On the other hand, the evaluated diets did not affect (P > 0.05) the length and weight of
the intestine, and the activity of myeloperoxidase or eosinophilic peroxidase in the jejunum (Table
4).

The dietary treatments also did not influence (P > 0.05) the villus height or width, crypt depth
or width, mucosa height, villus/crypt ratio, villus surface area, and intestinal absorption area at 42
days old broilers (Table 5). Moreover, the gene expression evaluated in the jejunum (occludin,
zonulin, HSP70, cholecystokinin, ghrelin, and interleukin-8) and liver (HSP70) was similar (P > 0.05)
between all treatments (Table 6).

The MDA concentration and SOD activity in the jejunum were similar (P > 0.05) between the
broilers of all evaluated treatments (Table 7). In the liver, the experimental diets also did not influence
(P >0.05) SOD activity, however, there was a higher (P < 0.05) MDA concentration when the broilers
received the basal diet without zinc bacitracin and probiotic or the basal diet supplemented with S.
boulardii, while lower (P < 0.05) MDA concentration was measured in the broilers fed basal diet
supplemented with B. subtilis. In the blood, the MDA content was higher (P < 0.05) in broilers fed
basal diet supplemented with L. lactis and lower (P < 0.05) when L. delbrueckii was used.
Supplementation of the basal diet with the probiotics blend resulted in the highest (P < 0.05) serum
SOD activity, while the lowest (P < 0.05) activity was determined in the broilers fed basal diet without

zinc bacitracin and probiotic or basal diet containing L. delbrueckii.
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4 DISCUSSION

Heat stress is one of the most common environmental challenges in poultry production, and it
can harm the physiology, immunology, microbiology, and welfare of broilers (ROSTAGNO, 2020).
Dietary supplementation with probiotics has been considered as a nutritional strategy to reduce the
detrimental effects of heat stress in poultry (SUGIHARTO et al., 2017). In this study, the diet
supplementation with one or the probiotics blend improved the broilers weight gain without affecting
feed intake, which resulted in improved feed conversion. This result is noteworthy because the feed
conversion is an animal productivity index calculated by the feed intake divided by the weight gain
of the broilers. Considering that feed cost corresponding to approximately 70% of the total production
costs, the improvement in feed conversion may reflect in economic gain for broiler farming
(THIRUMALAISAMY et al., 2016). Furthermore, it is important emphasize that the broilers fed diets
containing one or the probiotics blend exhibited improved performance similar to broilers that
received basal diet supplemented with zinc bacitracin. This result is in align with the necessity of
reduce the antibiotic use as a growth enhancer in the broiler production (RAFIQ et al., 2022).

The supply of diets supplemented with B. subtilis for broilers exposed to 35°C during five
hours daily (AL-FATAFTAH and ABDELQADER, 2014) or 32°C for ten hours daily (WANG et al.,
2018) also resulted in better feed conversion and heavier broilers, without changes in feed intake.
Sohail et al. (2013), Jahromi et al. (2016), and Abdelgader et al. (2020) also observed that probiotics
use in the feed improved the performance of broilers reared under heat stress conditions, justifying
such results by improvements in the intestinal absorption, immune system modulation, and better gut
microbiota profile. As in our work there was no probiotics effect on intestinal histomorphometry,
expression of the evaluated genes, redox status in the jejunum, and myeloperoxidase and eosinophil
peroxidase activities, investigation of other parameters related to uptake of nutrients from the feed,
such as microbiome, can help to understand the mechanisms by which the evaluated probiotics can
improve broiler performance. Moreover, it is important to remember that differences in the type and
dose of probiotics, evaluated intestinal segment, period and intensity of heat exposure can influence
probiotics functions and viability and, consequently, explain divergent results between studies
(SUGIHARTO et al., 2017).

On the day of housing, the one-day-old chicks were individually weighed and distributed so
that all experimental units had similar initial mean broiler weights. Therefore, as the diet
supplementation with zinc bacitracin, one probiotic, or the probiotics blend increased the weight gain,
the higher preslaughter live weight exhibited by the broilers of these treatments is justified. The higher
weight of broiler at slaughter is desirable by producers and professionals related to the poultry

industry because broilers are marketed based on their weight in kg. Moreover, there is a significant
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consumer market that prefers buy heavier broilers that exhibit higher meat quantity. In turn, the
carcass and cut yields (wings, thighs + drumsticks, and breast), as well as abdominal fat deposition,
were not influenced by diet supplementation with zinc bacitracin or probiotic. Similarly, Rehman et
al. (2020) also did not observe worse carcass yield of broilers fed diets supplemented with probiotics.

Cloacal temperature reflects the core body temperature resulting from the balance between heat
loss and heat gain in broiler chickens (EDGAR et al. 2013). Studies report that the benefits of
probiotics in reducing cloacal temperature may be due to mitigation of oxidative stress (ALUWONG,
et al., 2017; SUMANU et al., 2021), but knowledge on this subject is still incipient. According to
Macari and Furlan (2001), physiological mechanisms of thermoregulation are triggered by broilers
when the cloacal temperature exceeds 41.1°C. This study show that broilers fed diet supplemented
with non-pathogenic E. coli exhibited the highest cloacal temperature, however without prejudice to
the zootechnical performance. Thus, compared to the other evaluated additives, it may be deduced
that E. coli exhibits smaller antistress effect in mitigating heat stress in broilers, although the
molecular mechanisms involved need to be further investigated.

The probiotics evaluated in the present experiment was not enough to change the length and
weight of the intestine or to modify the histomorphology of the jejunum, corroborating with the
reported by Wang et al. (2016). Already Ashraf et al. (2013), reported positive effects of dietary
supplementation with probiotic on villus height and surface area in jejunum of broilers reared under
heat stress. However, they exposed the broilers to highest temperature (35°C for 8 hours daily from
day 21 to 42) and this greater thermal challenge may have enabled a more conducive environment for
the probiotic improve the absorptive structural capacity in the jejunum. As there was no effect of
probiotics on jejunal histomorphometry, the results of this study suggest that the higher broilers
performance may be associated with parameters that could not be investigated, such as microbiome
modulation and changes in feed digestibility.

The proteins occludin and zonulin contribute to the adhesion between intestinal cells, what
justifies its gene expression be used as a biomarker of intestinal permeability in broilers (CHEN et
al., 2015; GILANI et al., 2016). Oxidative stress can affect the expression of tight junctions in the
duodenum and jejunum of broilers (CHEN et al., 2022). Therefore, as there was no change in
malondialdehyde concentration and superoxide dismutase activity in the jejunum, the redox status
maintenance in this segment may explain the similar gene expression of occludin and zonulin among
all experimental groups. The impaired gut barrier function may result in high paracellular intestinal
permeability that, in its turn, may facilitate translocation of intestinal bacteria causing inflammatory
processes (LEE, 2015; STURGEON and FASANO, 2016). According Vieira et al. (2009),

myeloperoxidase and eosinophil peroxidase are enzymes considered appropriate and reliable markers
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for neutrophil and eosinophil infiltration, respectively. Therefore, the zonulin and occludin gene
expression results of this work suggest that the intestinal barrier function was not altered by the
experimental diets evaluated, which may justify similar myeloperoxidase and eosinophil peroxidase
activities in the jejunum. Agreeing with these results, no difference was observed in the expression
of the gene encoding interleukin-8, a cytokine that exhibits the primary function of recruit and activate
neutrophils in response to infection (WIGLEY and KAISER, 2003).

Cholecystokinin and ghrelin are hormones directly correlated to voluntary intake of feed
(DUNN, et al., 2013; LEI et al., 2013). The basal diet supplementation with zinc bacitracin, one
probiotic or the probiotics blend did not alter the gene expression of these hormones corroborating
with the similar feed intake observed between the experimental groups. In a recent and robust review,
Han et al. (2021) summarize the impacts of specific changes in the microbial compositions on
appetite-related hormones, which play a key role in modulating brain behavior and function through
the humoral or the neural pathway. However, knowledge about the effects of probiotics on the
microbiome modulation and its impact on secretion of appetite-related hormones in broilers is still
incipient.

Heat shock proteins play an important role in the protection and repair of cells and tissues by
interacting with molecules damaged by stressors, such as heat. In this study, the dietary treatments
did not influence the HSP70 mRNA expression in the jejunum and liver. Jiang et al. (2020) evaluated
two inclusion levels of symbiotic in feeds for broilers exposed to heat stress (32°C for 9 h daily from
15 to 42 days of age) and also did not observe treatment effects on the HSP70 mRNA expression in
the liver and hypothalamus. On the other hand, studies have shown that expression of HSP70 gene in
broilers is regulated in response to heat stress (GU et al., 2012; SONG et al., 2017; WANG et al.,
2018), but of a manner directly correlated with the degree of heat stimulation to which broilers are
exposed which may justify contradictory results in the scientific literature. Moreover, Wang et al.
(2018) related reduction of HSP70 mRNA expression in broilers reared under heat stress (32°C for
10 h daily from 15 to 43 days of age) when the diets were supplemented with Bacillus subtilis. The
mechanism resulting in low level of HSP70 probiotic-fed broiler is not clear but it has been reported
that probiotics alleviate stress reactions by blunting the activity of the hypothalamic-pituitary-adrenal
axis (SOHAIL et al., 2010, 2012) decreasing the trigger point for HSP70 synthesis (WANG et al.,
2018). As we highlighted earlier, differences in the type and dose of probiotics, evaluated tissue,
period and intensity of heat exposure can influence probiotics functions and viability and,
consequently, explain divergent results between studies (SUGIHARTO et al., 2017).

Oxidative stress occurs when the production of reactive species exceeds the antioxidant

capacity of the organism. Stressful situations, including heat stress, may result in increased MDA
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production, which is a widely used biomarker due to its ability to cause cellular oxidative damage,
such as lipid peroxidation. In turn, SOD enzyme activity has been conventionally used as an important
indicator of antioxidant capacity. Bai et al. (2017) and Gong et al. (2018) reported that dietary
supplementation with Bacillus can decrease the MDA concentration in the liver of broilers raised in
thermal comfort conditions, and the present work demonstrates that this benefit also occurs when
broilers exposed to heat stress receive diet supplemented with Bacillus subtilis DSM 17299. In the
blood, L. delbrueckii was the probiotic that resulted in the lowest MDA concentration. Recently, Chen
et al. (2021) related that dietary supplementation with L. delbrueckii decreased the MDA content in
the serum and intestinal mucosa of lipopolysaccharide-challenged piglets, alleviating the oxidative
damage. To date, no report was found about the L. delbrueckii effects on redox status of broilers
exposed to heat indicating the need for further study in this area. SOD activity was not influenced by
the experimental diets in the liver, however, supplementation of the basal diet with the probiotics
blend resulted in the highest serum SOD activity. These results indicate that there was synergism
between the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii, potentiating
the effect of the blend as an additive capable of increasing the systemic antioxidant capacity of heat-
challenged broilers. This result signals the need for further studies with the objective of deeper
investigations about the potential of the probiotics blend as a functional additive to improve the
antioxidant capacity of broilers. However, in general, the different probiotics effects on the MDA
concentration and SOD activity were not sufficient to alter the broiler performance, considering that
all probiotics evaluated supplemented alone or as a blend were efficient in improving broiler

performance in a similar magnitude to that observed when the diet contained zinc bacitracin.

5 CONCLUSIONS

It is concluded that broilers challenged by heat stress from 15 days of age and fed diet without
zinc bacitracin or probiotic exhibit worse performance. However, all non-commercial probiotics
evaluated supplemented alone or as a blend showed to be efficient in improving the broiler
performance in a similar magnitude to that observed when the diet contained the antibiotic zinc

bacitracin or the commercial probiotic of Bacillus subtilis DSM 17299.
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Table 1 Ingredients and calculated nutritional composition (as-fed basis) of the basal diets provided
to broilers in the different rearing periods.

Periods of broiler rearing (days of age)
1to7 8to21 2210 35 36 to 42

Ingredients (g/kg)

Corn 562.60  614.55 624.82 645.15
Soybean meal, 45% 365.25  317.60 302.00 277.70
Soybean oil 25.60 24.20 33.29 37.60
Limestone 8.20 7.75 7.10 7.20
Dicalcium phosphate, 18.5% 18.75 17.50 15.45 15.60
Common salt 4.70 4.50 4.57 4.55
DL-Methionine, 99% 3.40 3.20 2.83 2.65
L-Lysine HCI, 99% 2.40 2.00 1.74 1.85
L-Threonineg, 98.5% 1.10 0.70 0.20 0.20
Salinomycin, 12% 0.50 0.50 0.50 0.00
Choline chloride, 60% 0.50 0.50 0.50 0.50
Vitamin supplement * 1.00 1.00 1.00 1.00
Mineral supplement 2 1.00 1.00 1.00 1.00
Kaolin (inert) 3 5.00 5.00 5.00 5.00
Nutritional composition
AME (kcal/kg) 2975 3025 3100 3150
Crude protein (g/kg) 21491  196.60 189.52 180.07
Calcium (g/kg) 9.04 8.41 7.61 7.61
Available phosphorus (g/kg) 4.50 4.21 3.81 3.80
Sodium (g/kg) 2.00 1.91 1.94 1.93
Digestible lysine (g/kg) 12.22 11.21 10.22 9.72
Digestible methionine + cysteine (g/kg) 9.13 8.54 8.03 7.63
Digestible threonine (g/kg) 8.30 7.33 6.63 6.32
Digestible tryptophan (g/kg) 2.42 2.18 2.10 1.97

AME: Apparent metabolizable energy.

! Levels per kg of supplement: folic acid 902.5 mg; pantothenic acid 12.0 g; biotin 77.0 mg; niacin
40.0 g; selenium 349.6 mg; vitamin A 8800,000.0 1U; vitamin B1 2499.0 mg; vitamin B12 16200.0
mcg; vitamin B2 5704.0 mg; vitamin B6 3998.4 mg; vitamin D3 3000000.0 1U; vitamin E 30000.0
IU; vitamin K3 2198.1 mg.

2 Levels per kg of supplement: copper 7000.0 mg; iron 50.0 g; iodine 1500.0 mg; manganese 67.5 g;
zinc 45.6 g.

® Experimental diets containing zinc bacitracin (T2), commercial probiotic (T3), individually
supplemented non-commercial probiotics (T4 to T7), and the non-commercial probiotics association
(T8) were obtained by replacing kaolin (inert), as needed, with the respective additive. Therefore,
kaolin substitutions corresponded to 0.37 g of 15% zinc bacitracin/kg of feed, corresponding to 55
mg of active ingredient/kg of feed (T2); 0.625 g of commercial probiotic (Bacillus subtilis DSM
17299)/kg of feed, corresponding to 1 x 10° CFU/kg of feed (T4); 1 g of non-commercial probiotics
(Lactococcus lactis NCDO 2118, Lactobacillus delbrueckii CNRZ 327, Escherichia coli CEC 15, or
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Saccharomyces boulardii)/kg of feed, corresponding to 1 x 10° CFU/kg feed (T4 to T7); 1 g of each
non-commercial probiotic/kg of feed, corresponding to 4 x 10° CFU/kg feed (T8).



Table 2 Temperatures recorded in the shed throughout the experimental period.
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Temperature (°C)*

Between 9:00 a.m. and 5:00

Temperature (°C)*

Between 5:00 p.m. and 09:00

p.m. a.m.
Age of Minimum  Maximum Calculated daily mean Reference
broilers Minimum Maximum Mean Mean 2 8
1 to 3 days 22.4 33.7 28.1 14.6 24.3 19.5 23.8 32.0
4 to 7 days 23.9 33.8 28.8 16.8 25.5 21.1 25.0 30.0
8 to 14 days 20.6 32.7 26.7 14.2 23.3 18.7 22.7 28.0
15 to 21 days 26.8 33.4 30.1 16.1 26.0 21.0 25.6 25.0
22 to 35 days 26.4 34.2 30.3 16.2 26.2 21.2 25.8 22.0
36 to 42 days 25.3 33.9 29.6 17.2 26.5 21.8 25.7 20.0

! The ambient temperatures were recorded every 30 min by seven data logger sensors (Onset, HOBO model), positioned at a height
compatible with the broilers height and distributed three on each shed side and one on central hall of the shed.
2 Daily mean = (mean temperature between 9:00 a.m. and 5:00 p.m. + mean temperature between 5:00 p.m. and 9:00 a.m.) divided by

2

® According to the lineage manual (COBB, 2018).
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Table 3 Performance, carcass and cuts yields, and abdominal fat deposition of broilers fed diets containing probiotics and exposed to

heat stress from 15 days of age.

1 to 42 days of age

At 42 days of age

Fl WG FC LW  Carcass Wings Thighs + Breast AF
(kg/bird)  (kg/bird)  (kg/kg) (kg) (%) (%) drumsticks (%) (%)
(%)
Basal diet (BD) * 5.453 3.222° 1.702 3.270 7240 1054 29.51 38.82 1.58
b

BD + zinc bacitracin 2 5.563 3.558 ¢ 1.56 ° 3.580% 73.18 10.53 28.97 38.10 1.44
BD + Bacillus subtilis 3 5.337  3.513% 152" 3.580% 7413 10.17 30.28 39.07 1.52
BD + Lactococcus lactis * 5.421 3.470° 1.56 ° 3.563% 7325 10.29 28.89 40.23 1.74
BD + Lactobacillus 5.391 3.473° 1.55° 3517% 7335 10.30 28.69 4031 1.22
delbrueckii *
BD + Escherichia coli # 5.401 3.496 2 1.54° 3.520% 73.12 10.09 29.11 38.55 1.61
BD + Saccharomyces 5.537 3.584 4 1.55° 3.557% 73.77 10.29 28.16 40.77 151
boulardii *
BD + Blend of probiotics ° 5.362 3.495° 1.54° 3.520% 7423 10.32 28.02 40.47 173
SEM 0.0685  0.0338 0.0140 0.0469 0.5740 0.2416 0.5849 0.7555 0.1823
P-value 0.2391 <0.0001 <0.0001 0.0007 0.3904 0.8836 0.1871 0.1125 0.5558

FI: feed intake; WG: weight gain; FC: feed conversion; LW: live weight; AF: abdominal fat.
! BD: basal diet without probiotic and zinc bacitracin, formulated according to the nutritional requirements reported in the lineage
manual (COBB, 2018) to broilers from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age.

2 Zinc bacitracin 15% was added to the feed at 0.37 g/kg, corresponding to 55 mg of active ingredient/kg of feed.

® Commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

* Non-commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

% Combination of the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii (1 x 10° CFU of each probiotic/kg of

feed, totaling 4 x 10° CFU/kg of feed).

2P Different lowercase letters in the same column differ by Tukey’s test (P < 0.05).
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Table 4. Cloacal temperature, length and weight intestinal, and enzyme activity in the jejunum of broilers fed diets containing probiotics

and exposed to heat stress from 15 days of age.

At 42 days of age

Whole intestine +

pancreas
Cloacal temperature Centimeters Grams Myeloperoxidase Eosinophil
(°C) 6 peroxidase °
Basal diet (BD) * 41.2° 205.72 155.16 0.665 0.010
BD + zinc bacitracin 2 41.2° 193.17 142.04 0.521 0.011
BD + Bacillus subtilis ® 41.4° 196.02 145.13 0.469 0.010
BD + Lactococcus lactis 4 41.2° 190.93 143.37 0.587 0.010
BD + Lactobacillus 415 197.38 128.13 0.326 0.012
delbrueckii *
BD + Escherichia coli 4 41.9° 192.33 145.48 0.423 0.015
BD + Saccharomyces 415 184.42 146.63 0.713 0.016
boulardii 4
BD + Blend of probiotics ° 41.4° 194.47 142.18 0.614 0.019
SEM 0.0904 4.3491 5.3394 0.1474 0.0027
P-value 0.0001 0.0890 0.0850 0.6097 0.1200

1 BD: basal diet without probiotic and zinc bacitracin, formulated according to the nutritional requirements reported in the lineage

manual (COBB, 2018) to broilers from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age.
2 Zinc bacitracin 15% was added to the feed at 0.37 g/kg, corresponding to 55 mg of active ingredient/kg of feed.
® Commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

* Non-commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.
% Combination of the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii (1 x 10° CFU of each probiotic/kg of

feed, totaling 4 x 10° CFU/kg of feed).

®Results are expressed as enzyme units (based on absorbance)/mg of jejunum.

4P Different lowercase letters in the same column differ by Tukey’s test (P < 0.05).
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Table 5 Histomorphometry of the jejunum of broilers fed diets containing probiotics and exposed to heat stress from 15 days of age.

At 42 days of age
VH (um) VW (um) CD (um) CW (um) MH (um) V/C  VSA (mm?) [AA (mm?)

Basal diet (BD) * 517.58 38.12 40.86 27.55 722.12 12.87 0.273 0.621
BD + zinc bacitracin 2 444,25 37.52 36.06 23.72 633.69 12.56 0.200 0.563
BD + Bacillus subtilis 517.63 41.46 38.71 25.34 714.79 13.65 0.275 0.664
BD + Lactococcus lactis * 388.03 43.21 37.17 24.06 587.35 10.84 0.155 0.518
BD + Lactobacillus delbrueckii * 395.08 39.15 34.99 22.08 576.73 11.37 0.161 0.519
BD + Escherichia coli # 486.38 44,53 40.15 25.10 707.81 12.34 0.248 0.636
BD + Saccharomyces boulardii *  486.38 39.22 34.41 25.83 640.97  14.22 0.249 0.606
BD + Blend of probiotics ° 496.02 38.07 41.80 26.93 689.67 11.96 0.254 0.602
SEM 32.7516 2.8725 3.3990 1.3360 53.6579 0.7936 0.0337 0.0432
P-value 0.0529 0.5748 0.6006 0.0762 0.1790 0.0811 0.0567 0.1899

VH: villus height; VW: villus width; CD: crypt depth; CW: crypt width; MH: mucosa height; V/C: villus/crypt ratio; VSA: villus surface
area; IAA: intestinal absorption area.

! BD: basal diet without probiotic and zinc bacitracin, formulated according to the nutritional requirements reported in the lineage
manual (COBB, 2018) to broilers from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age.

2 Zinc bacitracin 15% was added to the feed at 0.37 g/kg, corresponding to 55 mg of active ingredient/kg of feed.

® Commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

* Non-commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

® Combination of the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii (1 x 10° CFU of each probiotic/kg of
feed, totaling 4 x 10° CFU/kg of feed).
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Table 6 Gene expression in broilers fed diets containing probiotics and exposed to heat stress from 15 days of age.

At 42 days of age

Jejunum Liver

Occludin  Zonulin IL-8 Cholecystokinin Ghrelin  HSP70 HSP70
Basal diet (BD) * 1.86 1.12 1.80 0.71 2.72 1.27 3.11
BD + zinc bacitracin 2 1.03 1.06 1.45 0.18 0.76 0.64 0.42
BD + Bacillus subtilis 3 1.15 3.25 2.08 0.26 2.27 1.37 1.58
BD + Lactococcus lactis 4 1.81 1.91 3.75 0.26 3.90 1.74 0.09
BD + Lactobacillus delbrueckii * 1.80 1.68 2.33 0.25 1.98 1.04 0.32
BD + Escherichia coli * 1.03 1.31 0.90 0.17 0.62 0.72 0.82
BD + Saccharomyces boulardii * 2.03 1.49 3.53 0.34 2.30 0.79 0.11
BD + Blend of probiotics ° 1.39 1.53 2.59 0.25 0.73 0.82 0.40

SEM 0.4714 0.5571 1.0022 0.0958 0.8479  0.3032 0.6842

P-value 0.4407 0.5526 0.6877 0.2666 0.2267  0.3767 0.3670

HSP70: heat shock protein; IL-8: interleukin-8.

! BD: basal diet without probiotic and zinc bacitracin, formulated according to the nutritional requirements reported in the lineage
manual (COBB, 2018) to broilers from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age.

2 Zinc bacitracin 15% was added to the feed at 0.37 g/kg, corresponding to 55 mg of active ingredient/kg of feed.

® Commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

* Non-commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

® Combination of the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii (1 x 10° CFU of each probiotic/kg of
feed, totaling 4 x 10° CFU/kg of feed).



Table 7 Redox status in broilers fed diets containing probiotics and exposed to heat stress from 15 days of age.
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At 42 days of age

Jejunum Liver Blood
MDA SOD MDA SOD MDA SOoD
Basal diet (BD) * 0.0134 83.98 0.0300? 82.56 0.0406 ® 51.08 ¢
BD + zinc bacitracin 2 0.0122 79.00 0.0224 ® 77.72 0.0693 @ 58.36 ™
BD + Bacillus subtilis ° 0.0140 81.23 0.0123° 78.63 0.0509 ® 53.56
BD + Lactococcus lactis * 0.0115 81.94 0.0183 ® 77.30 0.0873% 57.52 b
BD + Lactobacillus delbrueckii * 0.0196 78.06 0.0151 ® 79.38 0.0382° 49.00 ¢
BD + Escherichia coli * 0.0168 81.17 0.0176 ® 74.08 0.0510 ® 53.96 ™
BD + Saccharomyces boulardii * 0.0263 79.50 0.0301° 78.20 0.0709 ® 58.41%
BD + Blend of probiotics ° 0.0240 78.47 0.0252 @ 81.26 0.0635 ® 70.94°
SEM 0.0043  2.1238 0.0034 2.9487 0.0100 4.2773
P-value 0.1842  0.5159 0.0057 0.6219 0.0399 0.0001

MDA: malondialdehyde, expressed as nmol/mL of jejunum or liver extract, or serum; SOD: superoxide dismutase enzyme, expressed

as % activity/mg protein.

! BD: basal diet without probiotic and zinc bacitracin, formulated according to the nutritional requirements reported in the lineage

manual (COBB, 2018) to broilers from 1 to 7, 8 to 21, 22 to 35, and 36 to 42 days of age.

2 Zinc bacitracin 15% was added to the feed at 0.37 g/kg, corresponding to 55 mg of active ingredient/kg of feed.

® Commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.

* Non-commercial probiotic supplemented alone at a concentration of 1 x 10° CFU/kg of feed.
® Combination of the non-commercial probiotics L. lactis, L. delbrueckii, E. coli, and S. boulardii (1 x 10° CFU of each probiotic/kg of

feed, totaling 4 x 10° CFU/kg of feed).

abe Different lowercase letters in the same column differ by Tukey’s test (P < 0.05).
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