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RESUMO

A populagdo de cavalos do Brasil ocupa o terceiro lugar no mundo, com 5,9 milhdes de animais,
incluindo animais de trabalho, competigdo, terapia, entretenimento e de alto valor genético. O
ciclo de producao de cavalos é relativamente longo e prevalecem sistemas de cria¢ao intensivos.
Portanto, um dos principais desafios deste segmento surge dos problemas decorrentes da
estabulacdo dos cavalos, como causar distirbios comportamentais, distdrbios fisiologicos e
demandas ambientais, levando a reducdo do bem-estar destes animais. Locais como estabulos,
regimentos de cavalaria e hipicas, muitas vezes localizados em grandes centros urbanos, geram
grandes quantidades de residuos sélidos, principalmente provenientes de camas utilizadas para
promover melhores condices de bem-estar aos animais. Esse residuo quando descartados de
forma inadequada no meio ambiente, acarreta problemas, como contaminacdo de lencdis
freaticos e corpos receptores, atracdo de pragas urbanas e degradacdo da estética ambiental. A
producdo sustentavel desses animais impulsiona a busca por novas tecnologias e a realizacéo
de pesquisas nesse universo, sendo um dos maiores desafios dos pesquisadores o destino deste
tipo de residuos gque se tornou uma questdo relacionada tanto com aspectos ecoldgicos, como
sanitarios e econdmicos. Existem diversas formas de tratamento desses residuos antes de serem
lancados no meio ambiente, como processos fisicos, quimicos e bioquimicos. A compostagem
é uma das principais formas de tratamento bioquimico, que visa converter a matéria organica
que ndo pode ser incorporada ao solo, em fertilizante bioldgico aproveitavel. Vérios esforcos
de pesquisa tém sido feitos em relacéo a estudos aplicados para compostagem de residuos em
diversos setores industriais, porém pouca pesquisa tem sido feita para investigar a viabilidade
no descarte de dejetos de cavalos. A compostagem de camas saturada de equinos é um processo
demorado, pode gerar um composto de baixa qualidade devido a natureza do material
recalcitrante que constitui a cama, 0 que torna necessario varios ciclos para a sua decomposicao.
O presente trabalho objetivou isolar e identificar fungos presentes em pilhas de compostagem
de camas saturadas de equinos, confeccionadas com maravalha ou palha de arroz, visando
selecionar isolados fungicos com maior potencial para atividade celulolitica. Em uma segunda
etapa da pesquisa reintroduzi-los no processo de compostagem, buscando reduzir o tempo de
degradacdo da matéria organica bem como o custo de producdo do composto e assim tornar a
técnica mais atrativa para os geradores desse tipo de residuos. Os isolados com maior atividade
celulolitica foram identificados como pertencentes a espécie Aspergillus fumigatus. Observou-
se que nas pilhas de composto com uso de maravalha houve reducéo nos valores de carbono
organico total e na relagdo C/N de maneira mais acentuada no tratamento inoculado com o A.
fumigatus em relacdo ao tratamento controle, assim como redugdes nos teores de celulose e
hemicelulose. Os indices de nitrogénio total, carbono orgéanico total, a relacdo C/N e a
degradacéo da ligninocelulose, nédo distinguiram significativamente nas pilhas com o uso de
palha de arroz como substrato. A inoculagédo de A. fumigatus nas camas saturadas de maravalha,
melhorou as caracteristicas finais do composto, sendo uma alternativa para aperfeicoar a
eficiéncia do processo de compostagem desse tipo de residuo. Contudo, ndo se observou o
mesmo efeito para camas saturadas com uso de palha de arroz, onde a inoculagéo seriada de A.
fumigatus ndo foi eficaz para otimizar o processo de compostagem.

Palavras chaves: Cavalos, microrganismo, sustentabilidade, composto
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ABSTRACT

Brazil's horse population ranks third in the world, with 5.9 million animals, including working,
competition, therapy, entertainment, and high technical genetic value animals. The production
cycle of horses is relatively long and intensive breeding systems prevail. Therefore, one of the
main challenges of this segment arises from the problems arising from the stalling of horses,
such as causing behavioral disorders, physiological disorders, and environmental demands,
leading to reduced in the welfare of these animals. Places such as stables, cavalry, and horse
riding regiments, often located in large urban centers, generate large amounts of waste, mainly
from bedding used to promote better animal welfare conditions. This waste, when disposed of
improperly in the environment, causes problems, such as contamination of groundwater and
receiving bodies, attraction of urban pests, and degradation of environmental aesthetics. The
sustainable production of these animals drives the search for new technologies and the carrying
out of research in this universe, and one of the biggest challenges for researchers is the
destination of this type of waste, which has become an issue related to ecological, sanitary, and
economic aspects. There are several ways of treating this waste before it is released into the
environment, such as physical, chemical, and biochemical processes. Composting is one of the
main forms of biochemical treatment, which aims to convert organic matter that cannot be
incorporated into the soil into usable biological fertilizer. Several research efforts have been
made about applied studies for waste composting in various industrial sectors, but little research
has been done to investigate the feasibility of horse waste disposal. Composting saturated
equine litter is a time-consuming process and can generate low-quality compost due to the
nature of the recalcitrant material that makes up the litter, requiring several cycles for its
decomposition. The objective of this study was to isolate and identify fungi present in compost
piles of saturated equine litter made with wood shavings or rice straw, to select fungal isolates
with greater potential for cellulolytic activity. Isolate them and reintroduce them in the
composting process, seeking to optimize the process of degradation of organic matter to have a
reduction in the time and cost of compost production and thus increase the acceptance of the
technique. The isolates with the highest cellulolytic activity were identified as belonging to the
species Aspergillus fumigatus. It was observed that in the compost piles with the use of wood
shavings, there was a reduction in the total organic carbon values and the C/N ratio in a more
accentuated way in the inoculated treatment with A. fumigatus compared to the control
treatment, as well as reductions in the levels of cellulose and hemicellulose. The total nitrogen
and total organic carbon indexes, the C/N ratio, and the lignocellulose degradation did not differ
significantly in the piles with the use of rice straw as substrate. The inoculation of A. fumigatus
in the saturated beds of wood shavings, improved the final characteristics of the compost, being
an alternative to improve the efficiency of the composting process of this type of waste.
However, the same effect was not observed for saturated litter with the use of rice straw, where
serial inoculation of A. fumigatus was not effective in optimizing the composting process.

Keywords: Horses, microrganisms, sustainability, compost
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CAPITULO |

Biotecnologia aplicada ao aproveitamento sustentavel de residuos na equinocultura

1. INTRODUCAO

O rebanho brasileiro de equinos é o terceiro maior do mundo com 5,9 milhdes de
exemplares somando os animais de lida, competicGes, terapias, lazer e de alto valor zootécnico.
A atividade movimenta anualmente R$ 16,15 bilhGes gerando cerca de 610 mil empregos
diretos e 2.430 mil empregos indiretos sendo responsavel por 3 milhdes de postos de trabalho,
sua producdo é relevante no cenario nacional, destacando-se tanto na importacdo como na
exportacdo de animais vivos (MAPA, 2016).

Porém o ciclo produtivo dos equinos € relativamente longo e o sistema intensivo de
criacdo é predominante. Desse modo, passa a existir um dos principais desafios nesse segmento
alusivos aos problemas decorrentes da estabulacdo, como por exemplo ocasionar distdrbios
comportamentais, desordem fisiol6gicas tendo como consequéncia a reducdo do bem-estar dos
equinos e demandas ambientais oriundo dos residuos produzidos (MOLENTO, 2005).

Locais como hipicas, hipédromos e regimentos de cavalaria, comumente localizados
em grandes centros urbanos produzem uma grande quantidade de residuos oriundos
principalmente das camas utilizadas para promover melhores condi¢fes de bem-estar aos
animais estabulados, as camas usadas nas baias devem ser macias e secas promovendo um bom
acolchoamento, ndo produzir poeira e abrasividade, ter boas propriedade absorventes para se
evitar mau cheiro pelo acimulo de urina e fezes, ser livre de produtos quimicos, toxicos ou de
substancias que sdo prejudiciais aos cavalos ou as pessoas, 0 material escolhido deve ser de
facil limpeza, sendo que a retirada dos excrementos deve ser diéria conservando-a limpa e seca
e permitindo assim um controle de vetores e microrganismos infectantes (BIRD 2006).

Existe uma quantidade enorme de matéria prima que pode ser utilizada como cama em
estabulos. A escolha pelo tipo de cama baseia-se principalmente na disponibilidade regional e
nos custos. O tipo de matéria prima aceitavel para fazer a cama é de qualquer material com
base solida que proporcione absorcdo, como: palha de trigo e arroz, aveia, centeio, feno,
recortes de pastagens secas, aparas de madeira ou aglomerados (“maravalha”), musgo de turfa,
serragem, papel, papeldo desfiado e areia (CINTRA, 2010).

Lagomarsimo (2019) discorreu que para se manter os equinos estabulados séo utilizados
em média 5 a 10 kg de cama por dia, produzindo de 2 a 3 cm? de residuo cavalo /dia sendo que

0s criatorios podem ndo apresentar recursos e nem locais fisicos adequados para o tratamento
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correto desses residuos dispondo-os inadequadamente no meio ambiente. Usualmente as
esterqueiras sdo acondicionadas a céu aberto e diretamente no solo, podendo proporcionar
dessa maneira a proliferacdo de vetores, agentes patdgenos, reservatorios de bactérias e genes
que podem ser resistentes a antibidticos bem como a contaminagdo de solos e dos recursos
hidricos, atracdo de pragas urbanas e degradacdo do ambiente (CINTRA, 2011).

O destino desse tipo de residuo tem se constituido num problema que envolve tanto
aspectos ecoldgicos, sanitarios e econémicos (RESENDE, 2005). A producdo sustentavel
desses animais motiva a busca por novas tecnologias e execucdo de pesquisas dentro desse
universo, sendo que um dos grandes desafios imposto aos pesquisadores € o destino de
toneladas de camas saturadas de diferentes substratos utilizados.

O uso destes residuos organicos, adequadamente tratados, na producéo vegetal pode ser
uma solucdo viavel, haja visto que a intensificacdo agricola tem como consequéncia uma queda
na qualidade do solo e um declinio dos contetdos organicos. Simultaneamente, o aumento da
demanda de fertilizantes sintéticos afeta negativamente o meio ambiente e a biota do solo, com
isso existe atualmente um grande interesse no desenvolvimento de estratégias e abordagens para
um sistema agricola sustentavel como os demais sistemas de producdo (DINESH et al., 2010).

Fliessbach et al. (2007) descreveram que a utilizacdo dos fertilizantes orgénicos de
maneira correta pode ser uma alternativa adequada na reducdo do uso de fertilizantes sintéticos
por melhorarem as propriedades fisico-quimica e biologica do ecossistema de um modo geral.
Assim os residuos produzidos pela atividade agropecuéaria, como por exemplo a equinocultura,
quando tratados com técnicas confidveis de reciclagem podem contribuir de maneira
significativa para a reducdo dos danos causados ao meio ambiente e a recuperagédo de solos.
Sdo varias as formas de tratamento disponiveis desses dejetos antes de serem despejados no
meio ambiente, tais como processos fisicos, quimicos e bioquimicos (FUJII et al., 2014).

A compostagem € uma das principais formas de tratamento bioquimico, na qual se
objetiva a conversao do material organico que ndo se encontra em condicdes de ser incorporado
ao solo, em fertilizante bioldgico admissivel para ser utilizado (HARUTA et al., 2005). E um
dos processos mais antigos de reciclagem de residuos grosseiros e uma forma viavel, por ser de
baixo custo de producdo e manutencdo (FUECHTER; OENNING; OTTO, 2020).

Ao longo da historia, a compostagem tem sido aprimorada por meio de estudos que
analisam os fatores fisicos, quimicos e biologicos que influenciam a decomposicdo da materia
orgénica. Algumas das inovagfes na compostagem sdo 0 uso de microrganismos especificos

para acelerar 0 processo, a aplicacdo de tecnologias para controlar a temperatura e a umidade,
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a eliminacéo de patogenos e a fixagcdo de nitrogénio com objetivo de otimizar o processo e
melhorar a qualidade do produto (LIM, 2022).

A biodegradacdo da matéria organica é influenciada por vérios fatores, que podem ser
classificados em trés categorias: (i) fatores relacionados a composicao e proporcdo da matéria
organica, o pH, o tamanho das particulas e porosidade; (ii) fatores relacionados ao manejo do
processo, como a concentracdo de oxigénio, a temperatura e umidade;(iii) pelo equilibrio de
nutrientes sendo que o indicador principal é a relacdo em C/N (BERNAL et al., 2009;
ASSANDRI et al., 2021; LIM, 2022)

FontesdeCe N

\

Degr.adat;:? qa Deg:r:'d?gao afx\,"a da Refrigeragio Mineralizagio e
matéria organica matéria organica Segunda fase huraiticaca
Fase mesofilica Fase termofilica mesofilica il sy

Composto

Figura 1 - Esquema das fases do processo de compostagem. Adaptado de ASSANDRI et al., 2021

O processo de compostagem é influenciado pela atividade microbiana, que determina o
padrdo de temperatura, que € definido em trés categorias diferentes; A primeira fase mesofilica
(abaixo de 45°C) leva a producdo de acido organico; Na fase termofilica (acima de 45°C)
caracterizada por uma intensa biodegradacdo aerdbica, acontece um consumo alto de O e
carbono, méxima decomposic¢do dos compostos organicos e a maior decomposicdo de matéria
organica complexa como celulose, hemicelulose e lignina, nessa fase ha a eliminacao de agentes
patogénicos; No estagio final advem a maturacdo do composto quando a temperatura inicial
retorna, ocorre a decomposic¢do dos carboidratos remanescentes constituido de estruturas de
dificil decomposicao, tais como as ligninas, aumentando a concentragdo de substancias himicas
como por exemplo acidos fulvicos, humina e acidos humicos (Figura 1) (BUSATO et al., 2019;
ASSANDRI et al., 2021; LIM, 2022)

O pH é um fator que afeta diretamente a perda de nitrogénio, que podem ser altas
quando o pH for superior a 7,5. Na fase inicial, devido a degradacdo da matéria organica

simples para produzir acidos organicos, o pH atinge um nivel &acido; na fase de alta
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temperatura, devido a degradacdo das proteinas, a producdo de &cidos organicos diminui e a
producdo de amoOnia aumenta, resultando em aumento do valor do pH. Na fase final de
maturacdo, devido a formacdo de hdmus, o pH tende a ser neutro (AGNEU, 2003;
ASSANDRI et al., 2021; GUZMAN-ANAYA, 2021).

O processo de compostagem requer aera¢ao adequada para manter o equilibrio entre os
fatores que afetam a degradacdo da matéria organica. A aeracao regula a temperatura, remove
0 excesso de agua e didxido de carbono e fornece oxigénio aos microrganismos aerobicos. Se
0 0xigénio se tornar escasso, 0s microrganismos anaerobios podem assumir o controle e atrasar
0 processo de compostagem. A hiperaeracdo, por outro lado, reduz a atividade metabdlica e o
rendimento do composto (ASSANDRI et al., 2021; GUZMAN-ANAYA, 2021).

O teor de agua € um fator essencial para a compostagem, pois influencia na atividade
dos microrganismos que degradam a matéria organica. A umidade ideal depende do tipo de
residuo que estd sendo compostado e deve ser ajustada para facilitar a circulacdo do ar e o
controle da temperatura. Umidade excessiva (acima de 60%) pode causar compactacdo do
material, reduzindo o fluxo de oxigénio e favorecendo a anaerobiose. Umidade insuficiente
(abaixo de 30%) pode diminuir a velocidade da decomposicdo, pois diminui a atividade
biologica (GUZMAN-ANAYA, 2021).

A concentracdo de sais dissolvidos presentes na solucdo do substrato é medida pela
condutividade elétrica (C.E). Quanto maior a salinidade, mais facil é gerar corrente elétrica, ou
seja, quanto maior o C.E, maior a concentracao de sais. A medida que a compostagem continua,
a mineralizacdo da matéria organica aumenta, aumentando as concentracfes de nutrientes e sal,
levando ao aumento da CE ao longo do processo. Porém, em alguns momentos, a CE pode
diminuir devido & lixiviacdo dos sais pela dgua (IGLESIAS, 2019; GUZMAN-ANAYA, 2021).

No processo de compostagem o carbono é considerado como fonte de energia pelos
microrganismos sendo metabolizado pela microflora e o nitrogénio é utilizado pelos
microrganismos como sintese de proteinas. O carbono e o nitrogénio sdo elementos quimicos
para a manutencdo da vida e atividade metabdlica, a proporcdo entre eles na composicdo no
material organico é chama a relacdo C/N (FUECHTER et al., 2020). Uma boa relagcdo C/N para
compostagem é geralmente considerada 30/1. 20 partes do carbono liberado como didxido de
carbono sdo usadas pelas bactérias como energia, e as outras 10 partes de carbono e nitrogénio
sdo usadas para produzir protoplasma microbiano. Para que o protoplasma de um
microrganismo combine 10 partes de carbono com uma de nitrogénio e assim crie seu proprio

protoplasma, 0 microrganismo precisa de cerca de 20 &tomos de carbono como fonte de energia.
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O gerenciamento do teor de carbono em relacdo de ao nivel de nitrogénio é um fator
que ira influenciar na qualidade final do composto e no tempo necesséario para estabilizacéo
(DAL BOSCO et al., 2017)

Entretanto a decomposi¢do dos residuos da cama saturadas pelos equinos pode ser um
processo longo, necessitando Varios ciclos para chegar ao um produto de qualidade. Esse fato
pode estar relacionado a dois fatores, primeiramente ao esterco dos equinos por apresentarem
maiores valores na relacdo C/N pelo alto teor de carbono organico e possuirem uma quantidade
limitada de microrganismos totais (SOUZA, 2017) e pela biomassa de lignocelulose presente
nos substratos comumente utilizados na confecgdo da cama. Tal biomassa é uma estrutura
recalcitrante e possui uma rede complexa, presente na parede celular das plantas, de dificil
degradacéo, dificultando o processo de compostagem (WILHELM et al., 2019; JIANG et al.,
2020).

A atividade microbiana possui um papel significativo na degradacdo de substancias
lignocelulosicas que compdem a maior parte da matéria organica total (ZHANG et al., 2018).
Embora esses microrganismos possam ocorrer de forma natural durante o processo de
compostagem e sejam responsaveis pela degradacdo do material recalcitrante do composto
(DASTPAK et al., 2020), sua eficiéncia depende muito de diversos parametros fisicos,
quimicos, microbiolégicos e ambientais (SILVIA et al., 2009, FRANKE-WHITTLE et al.,
2014, GREFF et al., 2021), podendo resultar em baixa biodegradacéo reduzindo a eficiéncia do
processo como um todo e/ou em tempo de concluséo prologando e, consequentemente uma
qualidade indesejavel do produto ( XU et al, 2019; GREFF et al., 2022).

Neste contexto o uso de tecnologia para acelerar e melhorar o processo de compostagem
(e.g. inoculacdo de culturas pré-selecionadas), podem desempenhar um papel importante na
eficiéncia do processo de degradacédo da compostagem de residuos de camas saturadas oriundos
da equinocultura. A inoculacdo desses microrganismos pode ser uma estratégia para
potencializar a compostagem, melhorando o processo de degradacdo, as propriedades do
produto maduro bem como o grau de humificagdo (FANG et al.,2019, CHI et al., 2020).

Diversos estudos destacam a importancia da inoculacdo de microrganismos como
fungos e bactérias para se otimizar a compostagem, bem como a importancia de se analisar as
relagdes entre as culturas microbianas e melhor tempo para a sua inoculagdo (EL-HADDAD et
al., 2014; PATLE et al., 2014; KARNCHANAWONG & NISSAIKLA, 2014; WANG et al.,
2014; ZHOU et al., 2015; GOU et al., 2017; Ll et al., 2019; LUYIMA et al., 2019; XU et al.,
2019; AWASHI et al., 2020; DUAN et al., 2020; GUO et al., 2020; WAN et al., 2020).
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Dentre os microrganismos, os fungos da podriddo branca, que sdo constituidos
representativamente  por microrganismos com capacidade de degradar material
lignocelulolitico, possuem potencial tanto de otimizacdo do processo de compostagem,
diminuindo assim os ciclos de degradacéo, como na melhoria da qualidade final do composto
(ANDLAR et al., 2018). Os fungos filamentosos, pertencentes ao grupo de fungos de podriddo
branca, classificados como ascomicetos, possuem a capacidade de degradar a parede celular
por produzirem uma variedade de enzimas com atividades cataliticas do material
ligniceluloliticos. Esses grupos de fungos conseguem assimilar polimeros recalcitrantes devida
diversidade de sua evolucdo bioldgica que Ihe confere alta capacidade de adaptacéo a diferentes
ambientes e substratos. Além disso esses fungos possuem uma diversidade filogenética e
fenotipica que refeletem a variedade de enzimas produzidas (KRACHER et al., 2016,
ANDLAR et al., 2018).

Entre os filos dos ascomicetos, os fungos do género Aspergillus sp sdo de grande
interesse, pela sua aptidao de produzir enzimas com maior termoestabilidade, especificidade e
maior velocidade de degradacao se comparada a outros fungos (PAULUSSEN et al., 2017) e
por possuirem grande capacidade de se desenvolver na presenca de biomassas complexas,
presente no processo de compostagem (GRUJIC et al., 2015).

Ao analisar o género Aspergillus sp, destaca-se o potencial fangico da espécie
Aspergillus fumigatus devido as suas caracteristicas, como termotolerancia e seu grande
namero de genes (263 GH), que codificam enzimas ativas do carboidrato (CAZymes) existentes
em seu genoma (VALESCO, 2022). Apesar do Aspergillus fumigatus ser uma espécie
patogénica para animais e humanos imunossuprimidos, este se consagra com um importante

produtor de enzimas eficientes na degradacdo de material lignocelulolitico.

2. OBJETIVO GERAL
O objetivo desta pesquisa foi o de avaliar e caracterizar a eficiéncia da compostagem de
cama saturada de equinos com diferentes substratos (maravalha e palha de arroz), bem como
verificar a influéncia da acdo de microrganismo proveniente de inoculo nativo no tratamento
de substratos que constituem a camas em estabulos de equinos, como uma alternativa

sustentavel e ambientalmente viavel.
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3. OBJETIVOS ESPECIFICOS

| - Avaliar a dindmica fisica e quimica que ocorre durante a compostagem como método
de tratamento para dois tipos de residuos comumente utilizados em camas saturadas de equinos.

I - Verificar os indicadores sanitarios no final da compostagem, além de monitorar a
reducdo de microrganismos patogénicos ao longo do processo por consequente manipulacéo

adequada do composto;

I11- Isolar e selecionar a populagdo fangica com capacidade de degradar materiais

lignocelulodsicos e com potencial de producdo de enzimas celulase.
IV - Determinar a atividade enzimatica das culturas fungicas identificadas;

V — Monitorar as diferencas de temperatura atingida e avaliar as caracteristicas quimicas
(pH, condutividade elétrica, nitrogénio totas carbono organico total relacdo C/N e degradacéo
da celulose, hemicelulose e lignina) nos diferentes métodos de compostagem, com e sem

indculos contendo fungos isolados dos residuos em estudo.
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Abstract

The treatment of saturated horse beds before their final destination is necessary to avoid the
risk of animal and environmental contamination. For this purpose, the composting process has
great functionality due to its low cost, effectiveness, and operational ease. However, because
of thenature of the materials used, this process can be long, and it is necessary to improve it
to optimize the composting cycles. This work aimed to isolate and identify fungi present in
compost piles of saturated equine bedding made with shavings and rice straw, selecting those
with the greatest potential for cellulase production. Using specific cellulolytic media
containing shavings or rice straw, seven strains were isolated. The total cellulase enzymatic
activity of the isolates from the beds madewith shavings was lower than that obtained from
rice straw beds. Four strains showed high enzy- matic potential for use in the shavings
substrate (MA6.2.1, MAG. 2.2, MA7. 9, and MA 7. 10) and three had potential for use in the

rice straw substrate (PA7.5, PA7.7, and PA7.10). The isolate PA 7.5 reached 0.376 U mL—1,
which was the best index among all the isolates. These isolates were identified as belonging
to the Aspergillus fumigatus species.

Keywords: horse waste, composting process, microrganisms, beneficial, enzymes;cellulase;
Aspergillus sp.

1. Introduction

The bioconversion of organic waste in processes such as composting enables the safe
recycling of such materials and produces a stabilized product that is enriched with humic
substances and plant nutrients [1]. Because of its simplified operability, low cost, and
effectiveness, composting has been the main strategy for treating organic waste. Through this
practice, the circular bioeconomy is fostered [2] and the negative environmental impacts from
the inadequate disposal of these materials are minimized. Composting is also a tool recognized
by the United Nations in Goal 12 (sustainable consumption and production), which was
proposed in the 2030 Agenda [3] that was formulated to encourage countries to adopt actions
for sustainable development. Horses that are bred and treated in feedlots require bedding
formed from organic materials such as shavings and rice straw, as it is used to absorb moisture

from the animal excreta, ensuring greater sanitation in the environment [4]. On average,
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between 8 to 9 kg of integral materials are required per dayto make the beds, resulting in up
to 25 kg of bedding saturated with feces and urine [5]. Annually, each adult horse can generate
up to 10 tons of saturated bedding [6], which is usually directly applied in pastures without
treatment and can potentially produce un- pleasant odors, increase the emission of greenhouse
gases, contaminate the soil, and in- crease the incidence of pathogenic microrganisms in the
area [6,7]. The disposal of these and antimicrobial resistance genes (ARGS) [8]. The search
for economically viable, attractive, and sustainable alternatives is still a major challenge for
production systems. Composting, despite being an old methodology of waste recycling, is
effective for the correct reuse of organic waste, as it is capable of producing biological and
fully acceptable fertilizers [9,10].

Some chemical characteristics of the materials used in the composition of horse litter(e.g.,
a high C/N ratio) may negatively affect composting. In this sense, adjustments to the nitrogen
availability, temperature, aeration, and humidity of the compost piles can improve the process.
This can possibly reduce the time needed for the completion of the process and ensure that
the product (compost) is stable and free of pathogens [6]. The enrichment of the compost piles
with microrganisms with specific degradation abilities can also favor the composting process
since some of these microrganisms produce a highnumber of enzymes responsible for the
degradation of biomolecules, such as cellulose. Thus, the microbial inoculation of these in
compost piles can be a promising biotechnological tool for improving composting [11-13].
The microrganisms present in the composting process are responsible for the generation of
heat, the conversion of nutrients, and the depolymerization of the compounds through the
production of specific enzymes. The fungi naturally present in the composting degrade most of
the organic polymers. However, if there is not enough diversity, if the environmental
parameters are not ideal, and depending on the characteristics of the raw material, they may
require multiple degradation cycles, which can result in an increased composting time and a
lower efficiency [14].

The isolation of degrading fungi during the thermophilic phase of composting
(temperatures above 45 °C) potentiates the selection of strains capable of surviving the high
temperatures of the process when inoculated in the compost piles. Besides the ability to
tolerate high temperatures, the isolated fungi produce considerable amounts of enzymes
responsible for the degradation of cellulose and lignin, as well as compounds of a secondary
metabolism that assist in the degradation of carbohydrates [15].

The inoculation of preselected thermophilic fungi, according to their capacity to produce

ligninolytic enzymes, may be a strategy capable of influencing the degradation process in
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composting lines, and thus reducing the period of time required for the stabilization of the
material. In addition, it is possible that some of these microrganisms interfere with the cycle
of some plant nutrients, such as nitrogen and phosphorus, increasing their availability in the
final product obtained [1]. Research that applied mixed microbial inoculants belonging to the
genera Bacillus and Aspergillus, which were applied in the initial phase of composting
residues from milk mixed with sugarcane leaves, resulted in a more accelerated succession of
the microbial population, increasing the participation of microrganisms that degrade
lignocellulosic compounds [16]. Similarly, fungi belonging to thegenus Trichoderma, which
were isolated from cattle manure compost, as well as those be longing to Trichoderma and
Aspergillus, which were obtained from a mixture of chicken manure with corn straw, were
applied in the composting process of animal and vegetablewaste and consistently accelerated
the stabilization of the material, making the necessarycycle shorter and enabling the safe use
of the compost [17,18]. Fungi belonging to the genera Trichoderma (T. harzianum, T. viride)
and Aspergillus (A. niger) isolated from the coposting of municipal solid waste also showed
high enzymatic activities associated with the cellulose cycle [13]. Wu et al., (2019) [19],
observed that the application of microbial inoculants potentiated the transformation of
lignocellulose into straw manure compounds during the thermophilic phase of the process.
However, the range of waste used in composting is large and the microbial groups
employed as process accelerators may present selectivity. In this sense, studies involvingthe
isolation of fungi with the potential for degradation directly from equine litter were not found
at the time of the preparation of the present study; thus, this topic deserves to be evaluated.
With this in mind, the main objective of this study was to isolate fungi witha high potential
for the production of enzymes associated with the cellulose cycle in compost samples
(during the thermophilic phase) from the saturated bedding in equine stalls that are formed by

shavings and rice straw, with the aim of reusing them in compost piles.

2. Materials and Methods

2.1 - Place of the Experiment, Assembly of the Piles and Obtaining the Samples

The composting process was performed at the Large Animal Veterinary Hospital of the
Faculty of Agronomy and Veterinary Medicine, University of Brasilia, Brasilia-DF (latitude
—15°74"93', longitude —47°87"64’ an altitude of 1028 m). The residues used in the composting

were obtained from saturated equine bedding formed with shavings and ricestraw from the
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treatment of two adult male crossbred horses subjected to a 12% crude protein concentrate
diet (4 kg divided into two daily portions) and tifton (Cynodon dactylon) hay-based volume.
The animals stayed in the stalls for 20 days, with the manure mixed with the beddingcollected
daily. At the end of this period, two compost piles were made with the beddin gremaining in
the stalls in a covered shed with a cement floor. The material was homogenized to make
pyramidal piles with dimensions of 1.80 x 0.90 x 2.10 m?, for shavings, and 1.70 x 0.98 x
2.40 mz, for rice straw. The temperature was monitored daily using a digital thermometer with
a 15 cm stem at 7 different points. The humidity was maintained between 40% and 50%
throughout the process to ensure sufficient water content for the acactivities of the
microrganisms. The piles were turned with the help of hand tools every three days over a
period of 30 days. Samples from each pile were collected in the thermophilic phase, when the
piles reached temperatures higher than 60 °C, which occurred on day 5 for shavings and day
13 for rice straw. Single samples were obtained at 5 different points in the piles, and these
were homogenized to form the final sample. Each compositesample was subdivided into 4

replicates and kept under refrigeration at the temperature of 4 °C until the isolation of fungi.

2.2 - Isolation of Fungi with Cellulolytic Ability

For the isolation of fungi, the samples were submitted to serial dilution (up to 10~8),
in 0.9% NaCl saline solution and inoculated in selective medium for cellulolytic fungi,
according to Parkinson et al. [20], with adaptations. In substitution of the carboxymethyl
cellulose, used as the carbon source, compounds based on shavings and rice straw were used.
Each substrate was grounded in a Willy’s type knife mill, macerated, passed through a 0.25 mm

of mesh, and then decontaminated by autoclaving in 3 cycles at 121 °C and 1 atm. After

sterilization, streptomycin antibiotic (30 mg L~1) was added to prevent bacterial growth.
Subsequently, the plates were conditioned in germination chambers at 28 °C for 7 days.

The amount of substrate (shavings or rice straw) equivalent to the same amount of carbon
supplie to their media with the use of carboxymethyl cellulose was calculated from the
determination of the total organic carbon content (TOC) present in the substrates, according to
Tedesco [21]. The distinct fungal colonies observed from the morphological characteristics
were isolated using the streak depletion technique [22] on potato-dextrose- agar (BDA)
medium and incubated in a growth chamber at 28 °C for 3 days. The isolates were deposited
in test tubes containing slanted BDA medium and filled with autoclaved water for preservation
[23].
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2.3 - Total Cellulase Activity

To evaluate the cellulase enzyme activity, the isolates obtained were inoculated in liquid
basal medium containing the original substrate of the beds as carbon sources (shavings or rice
straw). In a laminar flow chamber, flasks containing 100 mL of sterile basal medium
composed of KH2PO4, CaClz, MgS04.7H20, NHiNOs, FeS04.7H.0, MnS04.4H:0,
ZnS04.7H20 and CoCl,. 6H20, at pH 5.5 [24], enriched with shavings or rice straw (100 g

L~ of substrate). Discs with 0.6 cm diameter containing mycelia and sposes of the selected
fungi were inoculated in the flasks in triplicate. The flasks were incubated in a shaker incubator
withorbital motion for a period of 21 days at 45 °C under continuous 180 rpm agitation.

The total cellulase activity was evaluated after 14 and 21 days of incubation from theamount
of reducing sugars formed by the enzymatic hydrolysis of cellulose, using the 3,5
dinitrosalicylic acid (DNS) method [25,26]. Strips of Whatman filter paper rolled into a spiral
shape were placed in a test tube containing 1 mL of sodium citrate buffer solution (0.05 mol

L—1, pH 4.8) to which 0.5 mL of fungal enzyme broth was added. The solution was
homogenized and kept in a water bath at 50 °C for 60 min. Afterward, the tubes werecooled at
room temperature and 0.5 mL of DNS reagent was added. The tubes were shaken vigorously,
and the resulting suspension was heated in a water bath at 100 °C for15 min. The tubes were
cooled at room temperature, with the subsequent addition of 5 mL of distilled water, and then
the absorbance at 540 nm was read in a spectrophotometer. The enzyme activity of total
cellulase was expressed by the enzyme activity unit (Ul), defined as the amount of enzyme

capable of releasing 1 pmol of reducing sugar per minute,being Ul mL—1 the concentration
of enzyme activity of the sample.

2.4 - Morphological Characterization and Molecular Identification of Isolates

The morphological characterization and molecular identification were performed forthe
isolates that stood out in the evaluation of the enzymatic activity of total cellulase. The

molecular characterization was performed using 1 cm?2 blocks of potato agar placed on a
sterile slide contained in a sterile Petri dish supported on a glass. Each isolate was inoculated
with a needle, from colonies grown for 7 days on the 4 vertices of the upper side of the agar
blocks, which were covered with sterile coverslip. The plates were sealed and incubated for
up to 7 days, until evidence of sporulation was observed. The coverslips were carefully
removed with tweezers and transferred to slides containing lactophenol cotton blue. The

characteristics of the hyphae and the sporulation pattern were evaluatedby light microscopy
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using a 40X objective. Molecular identification was performed from fungal DNA extraction
using the Fa- vorPrepTM Soil DNA lIsolation Mini Kit, followed by amplification of genetic
material bythe polymerase chain reaction (PCR) technique, using the primers ITS1 and ITS4
(Internal transcribed spacer) [27]. Amplicons were sequenced from the capillary
electrophoresis (Sanger) sequencing method using the BigDyeTM Terminator v3.1 Cycle
Sequencing Kit from Applied Biosystems. The sequences were processed using the CLC
SequenceViewer 8.0.0 Software and submitted for analysis in the nBLAST tool.

The data related to enzyme activity were submitted to analysis of variance and the means
were compared by Tukey’s test at a significance level of 1% probability when significant
differences were found. The statistical analyses were performed by the software SISVAR 4.0
[28]. The morphological characterization and molecular identification of the isolates were

discussed in a descriptive way.

3. Results

3.1 - Isolation of Fungi with Cellulolytic Ability

Five fungal isolates were obtained with medium enriched with rice straw and six with
medium enriched with wood shavings, with the potential to hydrolyze cellulosic material.

Strains that did not show satisfactory growth were eliminated.
3.2 - Total Cellulase Activity

From 11 fungal colonies, seven that showed the best growth were chosen to evaluate the
total cellulase activity, in order to verify the production capacity of cellulolytic enzymes.

The selected isolates were analyzed for their ability to produce cellulase during the 21
days incubation period using filter paper as substrate. Considering the average of the total
cellulolytic enzyme activities in the two culture times (14 and 21 days), all isolates showed

cellulase production. The isolates PA 5.1 and PA 7.7, obtained from rice straw, had the highest

values, 0.376 and 0.358 IU mL—1, respectively (Table 1). The other isolates MA 6.1 F1,
MAG6.1 F2, MA7.9, MA7.10 and PA7.10 showed the lowest activities,and they had similar

activity.
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Table 1- Average total cellulase (FPase) enzyme activities during 21 days of cultivation
expressed in Ul/mL-1 for the selected colonies.

Treatments Average Value (Ul mL—1)
MAG6.2 F1 0.099 + 0.03al
MAG6.2 F2 0.081+0.05al

MA7.9 0.072 +0.04 al
MA7.10 0.057 + 0.08 al
PA5.1 0.376 + 0.05 b2
PA7.7 0.358 + 0.06 b2
PA7.10 0.055 + 0.01 al

PA: colonies of fungi with thermophilic growth in composted horsemeat bedding using rice straw substrate; MA:
colonies of fungi with thermophilic growth in composted horsemeat bedding usingshavings substrate. Averages
followed by numbers and equal letters do not differ by the t test (Stu-dent) at 1% probability.

When evaluating the performance of the total cellulolytic enzyme activity of the fungal
isolates over time, after 14 and 21 days, it was observed that 4 isolates (MA6.F1, MA6.F2,
PAbL.1 and PA7.7) had the highest enzyme activity after 21 days of culture growthin selective
medium containing shavings and rice straw as carbon source (Figure 1). The isolate MA7.9
and MA 7.10 showed the lowest enzymatic activity among the evaluated isolates, without the
influence of the evaluation time. The isolates MA7.10 and PA 7.10 showed low enzymatic
activity after 14 days of culture, with no activity detected in the isolate PA7.10 after this
period.
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Figure 1-Average of enzymatic activities of the total cellulase (FPase) in 14 days and 21 days of
Zulture expressed in Ul mL. MA: fungi isolated from horse bed compost made with shavings; PA:
fungi isolated from horse bed compost made with rice straw. Lower case letters compare the enzy-
matic activity of the isolates in the incubation period of 14 days. Capital letters compare the enzy-
matic activity of cellulase of the isolates in the incubation period of 21 days. Different letters indicate
difference by t test (Student) at 1% probability.

3.3 - Morphological Characterization and Molecular Identification of Isolates

The fungal isolates that presented the best rates in relation to the total cellulolytic activity
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were conducted for morphological characterization and molecular identification. The

microbiological characteristics of the isolates showed morphological structures, such as:

conidia, spores, conidiophores and vesicles with characteristics belonging to the genus

Aspergillus sp. in the microculture test on slides, shown in Figure 2.

Figure 2 - Macromorphological characteristics of the selected fungi. (A): MA7.9; (B): PA5.1;
(C): MABG.F1; (D): PA7.7. The plates were photographed from the top (1) and bot- tom (2).

Converging with the microbiological results, the molecular identification of the seven

selected isolates performed through the amplification of the ITS1 and ITS4 region, definedwith

fungal DNA barcodes, obtained amplicons for the genus Aspergillus sp, presenting the

sequencing for the species identified as Aspergillus fumigatus. The seven isolates presented

the same molecular identification (Table 2).

Table 2- Results of the identification process of the selected colonies by molecular analysis of
the colonies using the barcoding primers ITS and amplicons Kit Big DyeTM Terminator v3.1

using Cycle Sequencing Kit from Applied Biosystems.

Treatments Sequence Code Molecular Identification
PA=/7 ITS101 Aspergillus fumigatus
PA=/7 ITS4 01 Aspergillus fumigatus
PA=/5 ITS1 02 Aspergillus fumigatus
PA=/5 ITS102 Aspergillus fumigatus

MA=5 2 F2 ITS103 Aspergillus fumigatus
MA~6 2 F2 ITS4 03 Aspergillus fumigatus
MA=/79.1 ITS104 Aspergillus fumigatus
MA=/79.1 ITS4 04 Aspergillus fumigatus
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4. Discussion

The isolation and selection of microrganisms with abilities to decompose complex organic
compounds, such as the most recalcitrant plant polymers, are among the main studies that aim
for the use of microrganisms to accelerate the stability and enrich the compounds [29,30]. In
this sense, recent works that focused on the isolation of fungi with the ability to produce
lignocellulolytic enzymes pointed out that some species such as Phanerochaete
chrysosporium [29,31], Gloeophyllum trabeum [32], Trichoderma harzianum, T. viride,
Aspergillus niger [11], A. nidulans [24] and A. fumigatus [33-35], have played an
important part. Similarly, the use of microbial consortium has been successfully carried out
in studies where each species was chosen based on specific ability has been successfully
carried out [36].

The inoculation of fungal cultures isolated and selected from the compost heaps
themselves in order to maximize the existing colonies can promote improvements in all the
phases of the process and decrease adverse effects such as competition from exogenous
microrganisms during the various phases of the composting process. The results presented in
this research are preliminary; however, it is already evident that the studied compost itself can
present lignocellulitic microrganisms capable of degrading the recalcitrant material existing
in the equine bedding, through the production of specific enzymes, capable of using a wide
source of carbon such as: rice straw and shavings. Similarconclusions were presented by Li et
al., 2019 [37] when analyzing the composting processof pig manure and corn straw with the
application of bacterial inoculants selected from the pig manure compost. It was observed that
these native inoculants prolonged the ther mophilic phase of the process by two days and
increased the germination rate.

Although the compound process of maturation presents several variables that will
influence the quality of the product, the analysis of the effects of the enzymatic activities,
produced by the organisms that degrade high complexity substrates, can be a way to boost
decomposition cycles.

The total cell activity analyzed in this research shows that some isolates presented a
satisfactory result in the first 14 days, the isolates PA5.1 and PA7.7 obtained the best indexand
showed a tendency to increase the values over time. These indices can be explained by the
identification of the isolates as fungal strains A. fumigatus.

This species is recognized among the dominant species in the thermophilic phase of
composting [33,34]. A. fumigatus are thermophilic, saprophytic and pathogenic fungi, being
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one of the most abundant species in decomposing materials [38]. They can survive in
environments whose temperatures range from 12 to 65 °C and pH ranges from 2.1 to 8.8.[39].
Isolates of A. fumigatus have also been described for their ability to produce gibberellins and
other plant hormone regulators [40], in addition to their ability to produce biosurfactants,
which assist the degradation of crude oil [41], reinforcing the versatility and potential of this
fungal species in various bioprocesses.

The dominance of the genus Aspergillus spp. among the fungal isolates corroborates the
results of other studies on the same topic [13,35]. In a study conducted to evaluate the diversity
of fungi in organic compostig of fruit waste, the species A. fumigatus was the most frequent
[30], a result similar to what was observed in this study.

Investigation of secretomes of A. fumigatus grown on 3 carbon sources (glucose, aviceland
rice straw) observed an increased production of lignocellulose in the medium containing rice
straw, leading to the conclusion that specific enzyme mixtures are produced by the fungus
under specific conditions [42].

The high cellulolytic activity of A. fumigatus isolates has also been recognized in re-
search isolating fungi from organic composts of fruit waste [35] and municipal solid waste [13].
Isolates of A. fumigatus, inoculated separately or in consortium with other fungi or bacteria,
have efficiently contributed to reduce composting time and humification of composted organic
waste [30,43]. Promising results were observed in the joint inoculation of A. fumigatus Z5 and
Geobacillus stearothermophilus B5 in rice straw waste, with prolongationof the thermophilic
phase and greater degradation of cellulose and hemicellulose [30]. The use of a consortium of
3 Aspergillus species (A. fumigatus, A. flavus and A. terreus) reducedthe compost stabilization
time of rice straw waste and poultry manure [43].

The results found provided information of different responses of A. fumigatus strains
regarding the enzymatic production indexes using the same carbon source and in diffeent
carbon sources. This fact can be explained by the fact that A. fumigatus are constitutedby
multiple sets of important genes for cellulolytic enzymes and their gene expression depends
among other factors on the carbon source. This species employs important strategy and
versatility to compound degradation, diversifying secretory enzyme production, suggesting
differentiated patterns of enzyme expression activated by different carbon sources [44-46].
A. fumigatus can grow in the presence of complex biomasses as its transcriptional profile can
be completely distinct when subjected to distinct carbon sources, varying the profile of genes

encoding hydrolytic enzymes [47].
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5. Conclusions

Biotechnological tools such as the isolation of microrganisms with specific degradation
abilities of certain organic compounds are important to optimize waste recycling through
composting. The isolation of fungi with potential cellulolytic ability, obtained from residues
of saturated bed of horses, formed by shavings and rice straw, allowed theselection of seven
isolates identified as belonging to the species A. fumigatus.

The degree of complexity of this fungus in producing enzymes amidst the available
carbon source was identified. A. fumigatus showed excellent rates of total cell activity in
environments containing rice straw as a carbon source. The isolates PA7.5 and PA7.7 pre-
sented the highest enzymatic activity of total cellulase, standing out for inoculation in
composting processes of saturated bedding of horses, with potential for maintaining the
thermophilic phase of the process, as well as the acceleration of maturation of the com-
pounds.

From the analysis of the enzymatic activities, the present study demonstrated that A.
fumigatus has cellulolytic capacity with carbon sources from the studied compost, indicating
its potential for the degradation of lignocellulosic substrates present in saturated horse litter,
which can be used as an inoculant to optimize the maturation process of this material. The
reapplication of these microrganisms can be important to optimize the time required for the

stabilization of residues through composting.
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CAPITULO 111

Impact of Aspergillus fumigatus inoculation on the composting of wood shavings bedding
for horses

A.G.C.R. Nascimento, A. M. Paula, J.G. Busato, G. C. Rocha, S. Perecmanis, S. G. da Silva, A. R Texeira Neto
Letters in Applied Microbiology: Apllied Microbiology International

Abstract

Equine farming is an important part of the Brazilian production chain, but it produces a
significant amount of recalcitrant waste. The composting process is an important tool for
treating this waste. The addition of filamentous fungi, capable of producing specific enzymes
for degrading recalcitrant materials, is promising for speeding up composting and making the
final waste safe for agricultural use. The aim of this study was to assess whether the inoculation
of two different isolates of A. fumigatus affects variables associated with stability (carbon and
nitrogen content, C/N ratio, pH, electrical conductivity, cellulose, hemicellulose and lignin) and
its viability using parasitological and bacteriological markers throughout the composting of
saturated horse bedding made from wood shavings bedding. The beds were placed in stalls and
were cleaned daily while becoming saturated. Two treatments were set up -a control and an
inoculated treatment— and the composting process lasted 90 days. Physical parameters
(temperature), physicochemical parameters (pH, electrical conductivity, carbon and nitrogen
content, C/N ratio and hemicellulose, cellulose and lignin content) and microbiological and
parasitological parameters were monitored every 15 days. The characteristic temperatures of
the thermophilic phase (greater than 55°C) were reached on the fourth day of composting,
regardless of the application of the inoculum. Both treatments entered the mesophilic phase
of maturation (40.8°C) 35 days after composting began. The pH values in both water and
CaCl, remained close to neutral throughout the process. Higher electrical conductivity was
observed in the inoculated treatment after 30 days of composting. The reduction in total organic
carbon values was more pronounced in the inoculated treatment (42.85%) compared to control
treatment (38.29%); there was no significant difference in total nitrogen. There was a sharper
reduction in the C/N ratio in the inoculated treatment compared to the control (64.10% and
62.2% respectively), as well as greater reductions in cellulose (inoculated treatment 37.2% and
control 29.3%) and hemicellulose (inoculated treatment 42.3% and control 30.4%). At the end
of the process, the treatments showed Total and Thermotolerant Coliform values below 1x103,
no bacterial isolates of Samonella sp were identified, and a reduction in the number of larvae
throughout the composting process in all treatments, was noted. The inoculation of A. fumigatus
in saturated horse beddings made from shavings improved the final characteristics of the
compost and is an alternative for improving the efficiency of the composting process for this
type of waste.

Keywords: horse waste; composting process; microrganisms; beneficial; Aspergillus sp.
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1. Introduction

In Brazil, the production cycle of horses is relatively long, and the intensive system is
predominant. Currently, the environmental demands arising from the production of waste
generated during confinement have become one of the main challenges in this segment. Places
such as equestrian facilities, racecourses, and cavalry regiments, commonly located in large
urban centers, produce a large amount of organic waste, mainly from the bedding used in the
stalls of stabled animals. However, these places generally do not have adequate resources for
the correct treatment of this waste which, when inappropriately disposed of in the environment,
causes problems such as the contamination of the water table and water catchments, attract
urban pests and promote environmental aesthetic degradation [1, 2].

It is estimated that the daily amount of manure produced (feces and urine) per an adult
horse range is between 20.9 and 30.6 kg, depending on management, animal size and activity
level. Wood shavings are commonly added to stalls to promote horse welfare. On average, 3.8
to 6.8 kg/day are added. Thus, the amount of saturated bedding produced by a stabled horse can
be estimated at 28.5 to 31.7 kg/day, so each animal can generate around 10 tons of waste per
year. [3, 4]

There are various forms of treatment available for this waste before it is discharged into
the environment, which include physical, chemical, and biochemical processes. Among these,
composting is one of the oldest processes for recycling coarse organic waste. It is also a viable
form, because of its low production and maintenance costs [5, 6].

However, compost from saturated horsm beds contains large amounts of carbon and is
not a low concentration of nitrogen [7]. This means that the carbon/nitrogen (C/N) ratio is
critical in determining the duration of the composting process. Data published by Krogman and
Kesimen [8,9] indicate that this ratio can be as high as 45:1, depending on the type of substrate
it is made up of. This condition is one of the limiting factors for the composting process of these
types of waste, which can alter the time and quality of the product. Associated with this factor,
bedding waste is mostly made up of lignocellulosic material, which are three-dimensional
polymers (cellulose, hemicellulose and lignin) with aromatic rings with and stable bonds,
rendering their degradation difficult. Even with the synergistic actions of enzymes, the
decomposition cycles of organic matter by microrganisms are increased [10, 11, 12]. Therefore,
the biodegradation of lignocellulose is of great importance for the efficiency of the composting
process and for the quality of the product. Although the microrganisms and enzymes present in
a natural composting process are efficient, the degradation of lignocellulose can be slow [13].
In this sense, the use of inoculants with microrganisms capable of degrading this type of
material can speed up the composting process and improve the final quality of the product, i.e.,
make the composting of horse bedding more efficient.

According to previous studies de Bechera et al. [14], De Gouvéa et al. [15], Du et al. et

al. [16], the inoculation of white rot fungi has the potential to increase the decomposition of
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cellulose, hemicellulose and lignin through a consortium of various enzymes e.g. hydrolase,
peroxidase, endoglutanase, cellobihydrolase, xylase, hemicellulase, cellulase and others. Wang
et al. [17], researching the inoculation of white rot fungi (Penicillium expamsum) in the co-
composting of wheat straw with cattle and chicken manure, observed that the inoculated piles
obtained the fastest lignocellulose degradation rate compared to those that were not inoculated.

The largest percentage of white rot fungi belong to the Ascomycetes and
Basidiomycetes groups [18]. Among the Ascomycetes fungi, the genus Aspergillus sp. has been
gaining prominence due to its ability to secrete enzymes with the potential to degrade
lignocellulosic material [19]

Among Aspergillus sp., the fungus species Aspergillus fumigatus has been recognized
to have biotechnological potential in composting processes due to its specific characteristics,
such as thermotolerance (12 to 65°C). This species can withstand pH variations (2.2 to 8.8) and
has many genes coding for carbohydrate-active enzymes (CAZymes) in its genome, making it
capable of degrading lignocellulolytic material and thrive in the presence of complex biomass
[20, 21, 22, 23].

In this context, the aim of this study was to evaluate the physical and biological changes,
on different days of the composting process, with the use of saturated horse bedding substrate
after the joint inoculation of two different isolates of Aspergillus fumigatus.

2. Material and methods

2.1 - Composting process

The experiment was carried out at the Veterinary Hospital for Large Animals of the
Faculty of Agronomy and Veterinary Science of the University of Brasilia (HVet-UnB), located
in Asa Norte, Granja do Torto, geographic coordinates latitude 15°74"93', longitude 47°87"64',
elevation 1028 m. The composting systems were carried out in a covered shed measuring 35 X
13 m? with a waterproof floor.

All procedures were approved by ethics comitee of animal use (CEUA-UNB) in protocol
number. The experiment used six horses of no defined breed, between 3 and 10 years of age,
with no clinical alterations suggestive of any infectious or non-infectious pathological process.
The animals were part of the HVet-UnB herd. The animals received 1kg of comercial ration
concentrate twice a day. In addition, they had free access to Tifton hay (Cynodon ssp), mineral

salt, and clean, fresh water in suitable troughs. Stool samples were collected directly from the
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rectal ampulla for parasitological tests to determine the type of gastrointestinal parasitism and
estimate the parasite load.

The bedding was prepared to a height of 8 cm and consisted of a 100% natural and

sterilized pine wood substrate, produced from reforested wood, purchased from the company
JF MARAVALHA, Brasilia/DF. Horses were kept in stalls for 15 to 20 days, when the waste
(feces, urine, and substrate) was removed according to the saturation of the bedding. The waste
from the stables, collected at the time of daily cleaning, was transported to a covered shed to
make piles.
Six piles were set up, divided into three replicates for control (control treatment) and three
replicates for the inoculum treatment. Piles were arranged side by side in a trapezoidal shape
measuring 1.80 x 0.90 x 2.10 m?, with a space of equal size besides, allowing the turning of the
piles. The composting process followed the aerobic fermentation system, in a closed
environment, with a slow decomposition process of different volumes, depended on the
production flow of the substrate (saturated beds), coming from the stalls. The piles were aerated
every five days for oxygenation during the thermophilic phase of the process, with temperatures
above 50°C, and every 15 days during the mesophilic phase, through manual turning. The
complete composting process for the treatments lasted 90 days. The internal temperature of the
piles was measured using two sensors per pile at different depths (40 and 60 cm). The sensors
employed were of the high-precision digital type (Dallas semiconductor DS18S20, TO-92
sensor), which determine temperature between -55°C and 125°C, with a variation of + 0.5°C,
with 3-meter cables. The data was stored in the MySQL database. The piles were manually
irrigated to achieve and maintain the appropriate relative humidity (R.H.) of 40 to 60%.
Moisture analyses were carried out following the methodology described by the Ministry of
Agriculture for humidity 65°C, To determine the humidity, triplicate was performed using 20
g of the sample that was placed in an oven at 65°C for at least 24 hours or until constant weight
was obtained, then the material was transferred to a desiccator to cool to room temperature
before weighing the dry sample [24]. The carbon/nitrogen (C/N) ratio was balanced to obtain
the best possible C/N ratio in the initial phase (39/1). The balance was calculated according to
the formula described by Brito [25].

Samples were taken during the initial phase (day 0), the thermophilic phase (day 15),
the cooling phase (days 30 and 45) and the maturation phase (days 75 and 90). A 30 g composite

sample was formed from homogenizing 7 simple samples from different pile sites.
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2.2 - Microbial inoculant

Thermophilic fungi that can degrade lignocellulosic materials were used as inoculum for
this study. They were isolated and selected from composts from equine litter residues with wood
shavings as substrate, as described by Nascimento et al., [26]. These fungi have the potential to
be applied in biotechnological processes that involve the conversion of biomass into value-
added products. Two isolates that obtained the best production were selected and identified as

lignocellulolytic filamentous fungi belonging to Aspergillus furmigatus.

Before applying the inoculum, the selected fungal strains were grown in PDA (Potato
Dextrose Agar) for seven days, at 30°C. After incubation, the spores were quantified using a
Nuebauer chamber. The two isolates were associated and mixed in an inoculum suspension. To
do this, 30 mL of distilled water was placed in the petri dishes with the colony and the surface
was scraped to loosen the spores. The concentration of the solution was adjusted with distilled
water to reach 1 x 107 /mL [27]. At the end of the adjustment, the number of spores of isolates
was of 8.8 x 107 /mL and 3.4 x 107 /mL, respectively for each isolate. The final suspension was
applied to the compost piles at a ratio of 5:1 (5ml of suspension for each kg of compost
substrate). To enhance the development of the micro-organisms, serial applications were made
in four periods during the composting process (0, 15, 30 and 45 days of composting).

The fungal suspension was spread over the piles, which received the inoculum, and mixed

evenly. The control treatment did not receive any inoculation.

2.3 - Chemical Analysis

The chemical pH analyses were carried out using a meter equipped with a glass electrode
(Tec5, TECNAL). After stirring the sample, the measurement was carried out in water and
CaCl; 0.01 molL™ in a ratio of 1:5 (w/v).

The Electrical Conductivity (E.C.) was assessed using conventional conductivity
determination equipment (microprocessor conductivity meter Q405M-QUIMIS), adjusted from
the conductance of cells attached to electrodes following the methodology described by the
Ministry of Agriculture [24].

To determine total organic carbon (TOC), the samples were submitted to the potassium
dichromate volumetric method following the modified Walkley-Black methodology. Total
Nitrogen (TN) was determined according to the Kjeldahl methodology, based on digesting the
sample with sulfuric acid [28]. The C/N ratio was calculated from the quotient between the
TOC (dag/kg) and TN (dag/kg) of the sample.

43



The hemicellulose, cellulose and lignin contents were estimated following the methodology
suggested by Van Soest [29] and Van Soest and Win [30]. The difference between neutral
detergent fiber (NDF) and acid detergent fiber (ADF) expresses the hemicellulose value, the
difference between ADF and lignin expresses the cellulose value. The lignin was determined
using concentrated sulfuric acid at 72%, followed by incineration of the residue obtained at
500°C for 2 hours.

2.4 - Microbiological and parasitological analyses

The microbiological and parasitological seven samples were taken at different points in the
piles, forming a pool of the individual samples. The microbiological variables measured were
total coliforms, thermotolerant coliforms and Samonella sp. For the analyses, 10g of the
composite sample were used and from it, 10 dilutions were made by homogenizing them in
90 mL of 0.1% peptone water. Subsequently, 102 and 107 dilutions were made. For the
presumptive coliform test, 1 mL of the last dilution in peptone water (10%) was transferred into
multiple tubes containing 9 mL of LST (Lauryl Sulphate Tryptose) and EC (E. coli) broth, both
containing inverted Durham tubes, and then incubated for 48 hours at 35°C. The presence of
gas in the Durham tubes indicates fermentation of lactose in the medium. Total and
thermotolerant coliforms were analyzed using the most probable number method (MPN g™),
according to Kornacki and Johnson [31]. The determination of Samonella sp. was based on the
methodology by Andrews and Hammack [32], by means of selective enrichment in Rappaport-
Vassiliadis (RV), followed by plating and isolation of the colonies in Salmonella-shigella (SS)
and MacConkey selective agars. The results obtained were compared with the limits
recommended by MAPA Normative Instruction 25/2009 and Resolution 375/2006 of the
National Environment Council (CONAMA) [33].

For the parasitological evaluation, samples were collected at 4 different times: on day zero
(0), day five (start of the thermophilic phase), day 33 (start of the maturation phase) and day 90
(end of the composting process). Parasitological analyses were carried out by counting eggs per
gram of compost (EPG), a quantitative coproparasitological technique [34]. The modified
Baermann technique described by Rugai et al. [35] was used to recover and quantify the number

of larvae present in each sample.
2.5 Statistical analysis
The analysis of variance (ANOVA) was carried out, considering of the variables of all the

samples over the time of the composting process, and the effect of inoculation on the variables

at each time. The means were compared using Student's t-test at a significance level of 1% and
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5of probability, when significant differences were found. The statistical analyses were carried
out using SISVAR 4.0 software, version 5.6 [36].

3. Results and discussion

3.1 - Temperature changes

The composting beds reached the thermophilic phase and there was no difference
between the control treatment and the treatment that received the inoculum, as can be seen in
figure 1. Temperature increase was observed from the second day after the start of the process.
Peak temperature was obtained on the seventh day of composting in both piles. The
thermophilic phase began in all treatments from the fourth day of composting and continued
for 30 days, when the maximum peak temperature was 56.3°C, which was maintained, with
small variations, for 14 days. Both treatments entered the mesophilic phase 32 days after the
start of the composting process and were maintained in this phase until stabilization with
temperatures close to 35°C until 77 days and close to 25°C until the end of the process (90
days). In the maturation phase (mesophilic phase), the influence of the inoculated treatments
was observed, which correspond with the decline in temperature. In this phase, temperatures
remained higher than in the control treatment (treatment inoculated at 28°C, and control
treatment at 24°C).

The temperature results showed that both treatments reached the thermophilic phase
in the first few days of composting, due to the action of microrganisms with intense oxygen
consumption and energy release. The maintenance of this phase was due to weekly oxygenation
through turning and humidity correction, which was adjusted, when necessary. This was done
to maintain a favorable environment for the degradation of organic matter, which is an indicator
of the efficiency of the composting process.

There was no difference between the treatments in the duration and intensity of the
thermophilic phase of composting. The fungi did not influence the temperature rise or the
maintenance of heat during the process. In the mesophilic phase, the higher temperature of the
inoculated treatment may have been due to the continuation of lignocellulose hydrolysis by
maintaining the fungal colonies. Similar results were found by Du [37], when studying the
effect of exogenous enzymes on horse and wild animal manure, who obtained a longer

thermophilic phase in the inoculated piles.

45



T1

-===T2 Thermophilic phase
50 A
O
°g 40 | Mesophilic phase
‘é d
g |
£ !
230 - .
20 T T T T T T T T T T T T T T 1

1 7 14 21 28 35 42 49 56 63 70 77 84 89 90
Composting days

Figure 1 - Average temperature of the measuring points from the first day of the composting
process of horse bedding with wood shavings substrate, where T1 - average of the control
treatment; T2 - average of the treatment with the application of inoculum treatment.

3.2 - Effects of inoculation on physicochemical properties

3.2.1 pH and Electrical Conductivity (EC)

The pH values, measured in both water and CaClz, were close to neutral throughout the
composting process (Figure 2). Regarding the pH measured in water, there was a significant
difference between the compost piless at 60 days, and the value of the control treatment was
lower than that of the inoculated treatment (p<0.05) (Figure 2, graph a). As for the pH measured
in CaCly, there was no significant difference (p>0.05) (Figure 2, graph b).

The pH measured in water indicates the activity of H* ions in the solution prepared with the
compost, while the CaCl, pH quantifies, in addition to the H* ions in the solution, those
absorbed in the organic matter exchange complex. In the final phase, all the piles had a pH close
to neutral, in compliance with MAPA Normative Instruction 25/2009, which states that the
minimum acceptable pH value for composts in Brazil is 6.0 [38]. Therefore, all the treatments
complied with the legislation (Figure 2, graph a and b). In the first few days of composting, the
pH values dropped (slightly acidic medium). After 45 days, the values tended to increase,
making the medium basic. PH variation was directly related to microbial activity during the
substrate decomposition process, due to the production of organic acids, decomposition of
soluble proteins and nitrification [6,39]. When studying Aspergyllus sp. in composting spent
coffee grounds (SCG) with poultry and cattle manure, AFRILIANA et al. [39] observed that
the use of activators such as fungi and bacteria can improve the quality of certain variables,

including pH. They obtained a slightly acidic pH in the initial phase (6.7), which increased from
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the seventh day of composting to levels greater than 8.0, at the end of the composting process,
the pH reached neutrality (7.0).

In the analyses of E.C (mS.cm™) (Figure 2, graph c), there was a significant difference
between the means (p<0.0008) of the inoculum application during the decomposition process.
The control treatment had a more significant effect than the inoculated treatment, with higher
values at 30 days (p<0.01). E.C is related to the number of ions in the decomposition process,
reflecting the degree of salinity of the compost. The increase in E.C. may be due to the active
degradation of organic matter, resulting in soluble components and in an increase of ions [40].
In the period from zero to 15 days. E.C values were similar (Figure 2, graph c). The values of
the control treatment were higher, differing significantly from the inoculated treatment, at 30
days into the process (1.63 and 0.94 3 mS/cm™?, respectively). It was only during the maturation
phase that an increase in E.C. in the inoculated treatments was observed, which can be explained
by the greater degradation of organic matter. Similar results were found by Thiyageshwari et
al. [41]. Their aim was to improve the degradation of rice straw by inoculating a consortium of
lignocellulose-degrading fungi, including Aspergyllus sp. They concluded that the E.C. of the

composts that received the consortium remained well below 3 mS/cm™.
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Figure 2 - Average pH value in water (a), CaCl2 0.01 mol L-1 (b), and (c) Average Electrical Conductivity (EC) in mS.cm-1
in the compost from the control and inoculated treatments obtained on different days of the composting process.

* Shows significant difference (p<0.01). (Student t-test)

** Shows significant difference (p<0.05). (Student t-test)
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3.2.2 Total Organic Carbon (TOC), Total Nitrogen (NT), C/N Ratio

The results found for the nitrogen (N) analyses (dag/kg) showed that there was no
significant effect between the treatments (p>0.05). For Total Organic Carbon (TOC) (dag/kg)
and the ratio between carbon and nitrogen (C/N), a significant effect between treatments
(p<0.05) has been found (Figure 3). Higher levels of carbon were found in the inoculum
treatment that received the application of inoculum, when compared to the control at 15 days
into the composting process. Factors such as carbon and nitrogen and their ratio are determining
parameters in the ideal conditions for microbial degradation [42].

In relation to N, no additional effects were observed after the inoculum was applied
(Figure 3, graph a). This is explained by the fact that the main microrganisms involved in
nitrogen transformation are nitrogen-fixing bacteria, which produce nitrogenase and catalyze
the conversion of N2 into NH3z. To obtain nitrogen, most filamentous fungi carry out the
microbial ammonification process, which transforms nitrate into nitrite and then into NHs. For
this to happen, the optimum pH must be between 4 and 6 [43]. In the inoculated treatments, pH
was a limiting factor, as its values remained between 7.5 and 7.8 (neutral to basic) throughout
the composting process.

A marked loss of carbon was observed in the treatments during the first 15 days of
composting, which coincides with the thermophilic phase. Thereafter, the loss was slower until
60 days (Figure 3, graph b). A peak of loss was still being found until the 75th day, before it
stabilized. At 15 days, there was a difference in the control treatment (31.9% reduction)
compared to the inoculation treatment (28.6% reduction).

The C/N ratio decreased significantly in the treatments (p<0.05) (Figure 3, graph c).
There was a 62.2% reduction in the control and a 64.10% reduction in the inoculated treatment.
Similar results were found by Du et al. [37], when they analyzed the physicochemical
parameters in composting horse and wild animal manure with the addition of exogenous

enzymes in the thermophilic phase.
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3.2.3 Lignocellulose constituents

The lignocellulose complex was gradually degraded during the composting cycle in both
treatments, as shown in Figure 4. In the degradation of hemicellulose, a difference was observed
in the mesophilic phase of maturation, at 90 days (p<0.0578). In the control treatment, the
reduction rate was 10% and in the inoculated treatment it was 22%.

Cellulose degradation in the treatments that received the inoculum showed a significant
difference (37.2%) when compared to the control (20.3%) (p<0.05). At 75 days, the rate was
significantly higher in the inoculated treatment (22%) compared to the control treatment (10%)
(p<0.016). There was no significant difference in the degree of lignin degradation across the
treatments.

It is possible that the greater degradation of cellulose and hemicellulose observed in the
inoculated treatment was due to the implementation of the fungal colonies obtained through the
inoculation of A. fumigatus. The highest reduction rates were found in the final stage of the
process, indicating that these fungi promoted better degradation of hemicellulose and cellulose
in the mesophilic stage of maturation. This can be attributed to the higher cellulolytic activity
of the fungus at this stage of the process.

Arpegillus sp. are fungi that make up the white rot fungus complex. They are
ascomycetes that rapidly metabolize cellulose and hemicellulose, only slightly modifying lignin

[44]. A. fumigatus is made up of genes that encode and express treatments of enzymes
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belonging to the glycoside hydrolase family and functional genes with helper activity(s) that
express enzymes such as LPMOs (polysaccharides monooxygenases). These enzymes are
directly involved in the degradation of lignocellulose biomass [45, 46, 23]. A. fumigatus also
has thermostable properties, being able to produce thermotolerant enzymes. These enzymes can
act on different organic substrates, even under ambient conditions. This gives A. fumigatus an
adaptive advantage and biotechnological potential[47].

In addition to these fungal characteristics, a peak in the number of colonies was observed
after 45 days, the date of the last inoculum application. This is due to previous recurrent
applications, which may explain their greater fungal activity during the maturation phase.
When they analyzed the fungal community and cellulose degrading genes in medicinal herb
compousts with a high lignocellulose content, Tian et al. [45] found that the dominant genus
was Arpegillus sp. In this context, A. fumigatus represented 99.5% of this genus, giving it an
important role in the degradation of lignocellulose after the thermophilic stage. The data
obtained corroborates the findings of Zhu et al. [48] in their study of the inoculation of fungi in
two application stages in compost made from manure and rice straw. They observed an increase
in the degradation of lignocellulose in the composts that were inoculated and noticed that

Arpegillus sp was the main genus found in the cooling phase.
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Figura 4 - Average variation expressed as a percentage of the degradation content of lignocellulose components
during the composting process in the control and inoculated treatments obtained on different days. Hemicellulose

degradation content (a); Cellulose degradation content (b); Lignin degradation content (c).
* Shows significant difference (p<0.016). (Student t-test).
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3.3 - Pathogenic microrganisms

3.3.1 Bacteriological

Data obtained from the analysis of MPNs, and bacterial isolates compared to the standards
established by MAPA are shown in Table 1. At the start of the composting process, there were
more than 1.6 x10° MPNg™ of total and thermotolerant coliforms in both treatments. At the end
of the composting process, there were a significant decrease in total coliforms (0,46 x 103
MPNg * for the control treatment and 0.27 x 10° MPNg™ for the inoculated treatment) and
thermotolerant coliforms 0.53 x 10 MPNg in both treatments. The reduction in total coliform
MPNs in the inoculated treatment was greater than in the control treatment. However, in both
treatments, the results for total coliforms and thermotolerant coliforms were lower than 1.0 x
10® MPN g%, the maximum value allowed by MAPA Normative Instruction 25/2009 and
Resolution 375/2006 of the National Environment Council (CONAMA) [33]. In this study, no
bacterial isolates of Samonella sp were identified from the start of the process in both
treatments, thus meeting the requirements set by MAPA.

The results obtained showed high total coliform and thermotolerant coliform counts in all
the treatments for the initial time (day 0). This result was expected, because these
microrganisms are common in the environment and are part of the resident microbiota of
animals. The significant decrease in MPNs shows that the composting process in both
treatments was efficient in reducing these pathogens. Similar results were found by Souza et al.
[49], who, when analyzing the composting process of small ruminant production at different
times of the year, observed that the process was efficient in eliminating pathogens and could be
safely used. However, the results found differ from those obtained by Ferreira et al. [50], who,
when analyzing the efficiency of the composting process of conventional poultry and horse
manure in relation to parasite load and microbiology, concluded that, although the process
proved to be effective in reducing coliform levels, it was not sufficient for the final compost to
meet the requirements of MAPA legislation for use in agriculture. In relation to the difference
between the treatments, it was observed that the inoculated treatments had a more marked
decrease in total coliforms, when compared to the control treatment. This effect can be
explained by the fact that the temperature was maintained at a higher level during the maturation
phase in the treatments that received the inoculation, thus making the process more effective
than the control treatment.

In this study, no bacterial isolates of Samonella sp were identified from the start of the

process in both treatments, as required by MAPA. The absence of Samonella in this study,
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among many factors, can be explained by the increase in temperature reached in the treatments
during the thermophilic phase. The destruction of these microrganisms can occur at
temperatures above 55°C [51].

Tabela 1 - Result of the most probable number per gram (MPN g-1) of fecal and Thermotolerant
Coliforms, Samonella sp in 10g of compost on day O and after 90 days of the composting
process (beginning and end), compared to MAPA standards.

Composting time Tl T2 MAPA
Total coliforms (MPN g %)
0 > 1,6 x10° > 1,6 x10° 3
<
90 0,46 x 103 0,27 x 103 =1,0x10
Thermotolerant coliforms (MPN g1)
0 > 1,6 x10° > 1,6 x10° 3
<
90 0,53x 10° 0, 53x 10° =1,0x10
Salmonella sp (test in 10 g)
0 Absent Absent
90 Absent Absent Absent

T1: control treatment; T2: inoculated treatment

3.3.2 Parasitology

The results are shown in Table 2, where similar behavior can be observed in both
treatments. Eggs were only found in the first sample (day 0). After this period, no more helminth
eggs with viable aspects were found (eggs with intact structures and continuing stage
development, such as the presence of larvae). All treatments showed a reduction in the number
of larvae throughout the composting process. In the first five days of the thermophilic phase,
there was an increase in the number of larvae. At the end of the thermophilic phase, there was
a reduction in larvae in the control treatment. However, in the inoculated treatment, this
reduction was only observed in the maturation phase, at the end of the process.

The parasitological analyses carried out on the compost are essential because the waste
can contain a significant parasite load. Most of the helminth species that parasitize horses, their
eggs, and larvae are excreted in the feces. According to the results obtained, only in the initial
composting sample, in both treatments, was the presence of viable helminth eggs observed. The
elimination of the eggs can be seen as the product of two probable factors: (i) the hatching of
the eggs, since the larval development temperature of the cyathostomines was in the range of
10° to 30°C [52], (ii) and the start of the thermophilic phase of the composting process on the
second day, which peaked on the 7th day. Studies carried out by Wichuk and Maccartney [53]
concluded that temperatures above 55°C for three consecutive days are effective in eliminating

viable helminth eggs.
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The detection of larvae was observed in the first sample (day 0), in the inoculated
treatment, and from the second sample (day 5). In both treatments, the peak detection of larvae
was 5 days after the composting process. This is probably due to the hatching of viable eggs.
With the increase in temperature and the maintenance of the thermophilic phase, the larvae of
the control treatment showed a reduction, while the inoculated treatment kept this number
stable, decreasing only in the maturation phase. This reduction may be associated with an
increase in the number of fungal colonies obtained through the application of inoculants.
Research using fungi of the genus Aspergillus sp. as nematophages has shown promising results
for the biological control of helminths. These fungi produce different bioactive metabolites with
inhibitory potential that act on egg hatchability and larval development [54,55,56].

Tabela 2: Occurrence of viable Strongyloidea helminth eggs in 4g of wet matter and viable
Strongyloidea helminth larvae per gram of total solids on different days of the composting
process (0, 5, 30, 90), compared to the standards established by MAPA

Composting time Tl T2 MAPA
Viable eggs of Strongyloidea-type helminths/4g of TS
0 148 68
5 0 0
30 0 0 <0.25/g TS
90 0 0
Viable larvae of Strongyloidea type helminths /4g of TS
0 0 1
5 2 2
30 1 5 1/gTS
90 1 1

T1: control treatment; T2: inoculated treatment

4. Conclusion
By analyzing the results obtained after the joint application of two isolates of the fungus

Aspergillus fumigatus, the following conclusions can be drawn:

= The inoculated piles had a significant effect on the maturation phase of the
composting process, with little effect on the initial phase.

= The inoculated isolates favored the degradation of cellulose and hemicellulose,
with no significant effect on the degradation of lignin.

= Both treatments were efficient for microbiological and parasitological control,
meeting MAPA standards, but a greater reduction in total coliforms was detected
in the compost from the inoculated piles compared to the compost from the

control piles.
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CAPITULO IV

Efeito da inoculagdo de Aspergillus fumigatus sobre a compostagem de cama de palha de
arroz para equinos

Resumo

A compostagem é um método eficiente e ecologico para o tratamento de camas de
equinos saturadas, mas esse processo pode ser demorado e pode gerar um composto de baixa
qualidade. Nesse estudo foi avaliado o efeito da inoculacdo de colbnias fangicas de isolados de
Aspergillus fumigatus, aplicadas em dias alternados das fases de compostagem (0,15,30 e 45),
nas camas de equinos saturadas com o uso de palha de arroz na sua composicéo. O tratamento
inoculado apresentou uma taxa de elevacdo de temperatura superior a do tratamento controle.
Nos dois tratamentos ocorreu uma reducdo do pH na fase inicial do processo, um aumento na
fase de resfriamento e maturacdo, e estabilizacdo no final do processo. A condutividade elétrica
(C.E.) no tratamento inoculado se manteve menor que no controle ao longo do processo. Os
indices de nitrogénio total (N.T.), carbono orgénico total (C.O.T.), relacdo C/N, e a degradacédo
da ligninocelulose, ndo mostraram diferenca significativa entre os tratamentos. Com base nas
andlises realizadas a inoculacdo de Aspergillus fumigatus ndo foi eficaz para otimizar o
processo de compostagem de camas de equinos saturadas com o uso de palha de arroz.

Palavras chaves: Microrganismo, cavalo, composto, sustentabilidade
1. Introducdo
A criacdo de cavalos é uma atividade que vem se expandindo no Brasil, colocando o
pais entre os principais mercados das Ameéricas, possuindo um plantel superior a 5,7 milhdes
de equinos (IBGE, 2022). Segundo o Ministério da Agricultura, Pecuéria e Abastecimento, apds
realizarem um estudo do complexo agronegécio do cavalo, em parceria com outras intuicoes,
relatou que a criagdo de cavalos movimenta cerca de R$ 16,15 bilhdes por ano e gera 610 mil

empregos diretos e 2.430 mil empregos indiretos (MAPA, 2016).

H& uma busca constante nesse ciclo produtivo por técnicas ambientais sustentaveis,
principalmente, em relacdo ao descarte correto de camas saturadas das baias que contém, além
de esterco (fezes e urina), material recalcitrantes como a palha de arroz (De Souza 2017). Um
cavalo com peso medio de 450 Kg pode produzir de 14 a 23 kg de esterco diariamente, sendo
31g de fezes e 20 ml de urina por quilo de peso corporal (Wheeler et al., 2009). Esses residuos
guando ndo manejados corretamente e utilizados como matéria organica diretamente, sem

tratamento, podem causar impactos ambientais negativos e sanitarios importantes.

A poluicdo do ar, do solo e da agua, devido ao excesso de nitrogénio, fosforo e
carbono; a transmissdo e a manutencdo de focos de infecgOes, pela propagacdo de agentes
patogenos, pela insercdo de bactérias resistentes a antibioticos e genes de resisténcias a

antibioticos (ARGs); o acumulo de metais pesados e substancias toxicas e a emissao de material

59



particulado e gases de efeito estufa séo algumas das consequéncias dos descartes inadequados
dos residuos (Guzman Anaya, 2021, Kabelitz et al., 2021, Lima et al., 2020, Chen et al., 2019,
Zubair et al. 2020).

A utilizacdo do processo de compostagem para a reciclagem desses residuos pode ser
uma alternativa viavel e ambientalmente sustentavel, por serem técnicas acessiveis, de fécil
implementacdo, reducdo de volume de residuos bem como uma importante ferramenta da
gestdo de saneamento. Contudo, a degradacdo pode sofrer variacdo sobre o tempo de
processamento, conforme a composicdo quimica dos substratos e a disponibilidade de
nutrientes do material organico podendo tornar-se demasiadamente lento e influenciar o
produto ao final do processo que podem conter valores nutricionais baixos se comparadas aos

dos fertilizantes industriais (Busato; De Paula; Ferrari, 2019).

Os substratos usados para fazer a cama dos cavalos, como a palha de arroz, podem
conter alto indice do complexo lignina-carboidrato, ou seja, carbono orgénico resistente
(celulose, hemicelulose) e lignina, que dificultam o processo de compostagem tradicional, pois
a atividade de degradag@o microbiana pode ser insuficiente para decompor essas substancias
(Gou et al., 2017, Zhu et al., 2021,).

A aplicacdo de microrganismos especializados em degradar a lignocelulose pode ser
uma estratégia eficaz para aumentar a velocidade e a qualidade da compostagem desse tipo
residuo organico. Esses microrganismos sao capazes de quebrar as moléculas complexas de
lignina e celulose, liberando nutrientes essenciais e otimizando o processo de compostagem
(Gao et al., 2023). Assim, a inoculagdo desses microrganismos pode contribuir para 0 manejo

sustentavel dos residuos.

Entretanto, as inoculag¢fes fungicas estdo sujeitas a sofrer diversas influéncias, como
competicdes da fauna microbiana, tempo e estratégia de inoculacdo (Greff, 2022). A inoculagéo
de colonias fangicas que ocorrem naturalmente na compostagem tem se mostrado promissora,
por estas col6nias desempenharem um papel importante na eficiéncia da decomposicao da
matéria organica favorecendo o crescimento de microrganismos desejaveis acelerando o
processo de compostagem sem desequilibrar a microbiota nativa, mantendo assim o equilibrio
bioldgico do sistema (Wan et al., 2020, Selvamani et al., 2019, Xu et al., 2019).

Estudos realizados por Nascimento et al., (2023), avaliaram a atividade celulolitica de
fungos isolados do proprio composto de cama saturadas de equinos formada com palha de arroz.

Nessa pesq foram obtidos sete isolados da espécie Aspergillus fumigatus que possuiam
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potencial para producdo da celulase, importante enzima envolvida na degradacdo e
transformacéo da lignocelulose.

O presente estudo objetivou avaliar as alteracdes fisicas, quimicas e bioldgicas, ao longo
do tempo, do processo de compostagem de cama saturadas de equinos com substrato de palha
de arroz apds a inoculagdo, conjuntamente, de duas cepas diferenciadas de Aspergillus

fumigatus, isoladas do proprio composto.

2. Material e métodos

2.1 - Processo de compostagem e amostragem

O experimento foi conduzido no Hospital Veterinario de Grandes Animais da Faculdade
de Agricultura e Medicina Veterinaria, da Universidade de Brasilia (HVet-UnB), localizado
préximo a Asa Norte, Granja do Torto, latitude -15°74793. longitude — 47°87" 64', altura 1028
m. O sistema de compostagem foi realizado em galpdo coberto de 35 x 13 m2? com piso
impermeével. Foram utilizados no experimento seis equinos sem raca definida, com idades
entre 3 e 10 anos. A dieta dos animais era baseada em 1 kg de concentrado duas vezes ao dia

(manha e tarde), feno de tifton (Cynodon spp.), sal mineral e &gua a vontade.

As camas foram preparadas com altura de 8 cm, constituidas por substrato por palha de
arroz. Os animais foram mantidos em baias, durante 15 a 20 dias, quando os residuos (fezes,
urina e substrato) eram retirados, de acordo com a saturacdo das camas. Os residuos das
cocheiras, coletados no momento da limpeza diéria, eram transportados para a confec¢do das
pilhas no galpdo coberto. Foram montadas seis pilhas dividas (trés para o controle e trés para a
aplicacdo do indculo). As pilhas foram dispostas, lado a lado, em formato trapezoidal com
dimensdes de 1,80 x 0,90 x 2,10 m?, antevisto 0 espaco para o revolvimento com a mesma
dimensdo. O processo de compostagem seguiu com o sistema aerébio de fermentacdo, em
ambiente fechado, com processo lento de decomposicao de diferentes volumes que dependiam

do fluxo de producéo do substrato obtido das camas saturadas oriundo das baias.

2.2 - Preparacao de microrganismo e inéculo

As pilhas de compostagem dos residuos de cama saturadas de equinos com substrato de
palha de arroz formam montadas para o isolamento e selecdo de fungos termofilicos com
habilidades de degradacéo da celulose como detalhado em Nascimento et al., (2023). Foram
selecionados dois isolados com melhor producéo e identificados como fungos filamentosos

lignoceluloliticos pertencentes a espécie Aspergillus fumigatus (Nascimento, 2023).
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As cepas flngicas selecionadas foram cultivadas em meio BDA (Batata Dextrose Agar) por
sete dias a 30°C em incubadora antes de serem inoculadas. Em seguida, contou-se o nimero de
esporos usando uma camara de Neubauer. Preparou-se uma suspensdo inoculada com a
associacdo dos dois isolados, diluindo-os com agua destilada e raspando as placas. Adicionou-
se 30mL de &gua destilada sobre a coldnia e raspou-se para liberar os esporos. Ajustou-se a
concentracdo da solugcdo com &gua destilada para obter 1 x 107/mL (Alfenas et al., 2007). A
quantidade de esporos dos dois isolados foi de 8.8 x 107/mL e 3.4 x 107/mL, respectivamente,
apos o ajuste. Aplicou-se a suspensao final nas pilhas de compostagem na propor¢édo de 5:1
(5ml de suspenséo para cada kg de substrato de compostagem). Fez-se aplicagdes seriadas em
quatro periodos durante o processo de compostagem (0, 15, 30 e 45 dias de compostagem).
Misturou-se a suspensao fungica uniformemente nas pilhas que receberam o inéculo. O

tratamento controle ndo foi inoculado.

2.3 - Determinacdo das propriedades fisico-quimicas

Os dados relacionados a temperatura foram coletados diariamente, durante 90 dias. Foi
utilizado um sistema automatico (datalogger) com uso de dois sensores de temperatura
DS18S20 com encapsulamento de acgo inox e cabos de 3 metros, por pilhas colocados em
diferentes profundidades (40 e 60 cm). Os sensores possuiam sensibilidades de 0,5°C, atuando
na faixa de valores entre -55° e 125°C. A frequéncia de registro dos dados foi programada para
60 minutos. Os dados do micro SD forma armazenados em planilhas do programa Microsoft
Excel. Em seguida, foram realizados os calculos de média aritmética e analise estatistica

descritiva da temperatura das composteiras.

Para realizar a analise quimica, as amostras foram coletadas quinzenalmente
(0,15,30,45,60,75,90). As aliquotas foram de cerca de 5009 de material misturado, obtidas apds

revolvimento das pilhas.

As analises quimicas do potencial de hidrogénio (pH) foram determinadas em amostras
in natura durante o processo de compostagem. A metodologia foi baseada no método de
Tedesco et al., (1995), o valor do pH foi obtido em triplicata usando agitador magnético e
pHmetro com um medidor equipado com um eletrodo de vidro (Tec5, TECNAL). Apéds a
agitacido da amostra a determinacdo foi realizada em agua e em CaCl, 0,01 mol/L * na

proporgdo de 1: 5 (p / v).

A Condutividade Elétrica (C.E.), foi realizada com equipamento convencional de

determinacédo da condutividade (condutivimetro microprocessado Q405M-QUIMIS), ajustado
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a partir da condutancia de células fixadas em eletrodos seguindo a metodologia descrita pelo
Ministério da Agricultura (BRASIL, 2017).

Para a determinacéo do carbono organico total (COT), as amostras foram submetidas ao método
volumeétrico de dicromato de potéassio seguindo a metodologia de Walkley-Black modificada.
O método consiste na oxidacdo do carbono com ions de dicromato em meio fortemente acido,
e a determinagdo da quantidade de ions Cr®" reduzido é feita por titulacio do dicromato em
excesso com ions Fe?*. O nitrogénio total (NT) foi determinado, segundo a metodologia de
Kjeldahl, baseado na digestdo da amostra com &cido sulfdrico (Tedesco, 1995). A técnica
consiste na digestdo do material por peréxido de hidrogénio (H202) e &cido sulfurico (H2SOa4)
com mistura de digestdo catalitica composta por selénio e cobre a alta temperatura, elevando-
se gradualmente até 320°C em bloco digestor. Para determinacdo do nitrogénio total, a amostra
digerida foi destilada, ap6s a adicdo de hidréxido de sédio (NaOH) 50%, em destilador de
nitrogénio, recolhendo-se o condensado em solugdo de acido bérico-indicador. Em seguida, a
titulagdo do destilado foi feita com H2SO4 0,03N utilizando o titulador automético. A razdo

entre C/N foi calculada a partir do quociente entre o0 COT (dag/kg) e NT (dag/kg) da amostra.

A metodologia de Van Soest (1963) e Van Soest e Win (1968) foi utilizada para estimar os
teores de hemicelulose, celulose e lignina. A hemicelulose foi calculada pela diferenca entre a
fibra detergente neutro (FDN) e a fibra detergente acido (FDA). A celulose foi calculada pela
diferenca entre a FDA e a lignina. A lignina foi determinada por meio da digestdo do residuo
com &cido sulfarico concentrado a 72%, seguida de incineracdao a 500°C por 2 horas.

2.4 - Determinacdo de microrganismos patogénicos

Para a determinacdo da flora microbioldgica foram realizadas coletas de amostras no
dia zero (fase inicial) do processo de compostagem e com 90 dias do processo (fase final de
maturacdo) onde uma amostra composta de cerca de 30 g foi obtida a partir da homogeneizacéo
de 7 amostras simples coletadas em diferentes pontos de cada pilha. Foram utilizados como
indicadores bacteriologicos patogénicos a presenca de Escherichia coli (E. coli), para coliforme
fecais e Salmonella sp., a partir de 10 g de amostras de residuos in natura do composto organico.
As analises de E. coli, foram realizadas pela técnica do substrato cromogénico enzimatico
utilizando o método de deteccdo Colilert, em Seladora Quanty-Tray, Modelo 2X (IDEXX,
Rydalmere, Australia), seguindo a instrugédo do fabricante e, posteriormente, incubados a 37°C
por 24hs. A leitura dos pogos foi realizada sob luz ultravioleta onde os que apresentavam

fluorescéncia azul eram considerados positivos. Controle negativo (agua estéril) foi utilizado
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nos testes. Apds contagem das células dos pogos da cartela, utilizou-se a tabela estatistica do
Numero Mais Provavel (NMP), do sistema Quanti-Tray, para a determinacdo do NMP/g de
solidos totais (ST), de E. coli (Morgado, 2008). As analises de Samonella sp. foram realizadas,
seguindo a metodologia de Andrews et al. (2018), por meio de pré-enriquecimento em agua
peptonada e enriquecimento seletivo em meio Rappaport-Vassiliais, seguido de plagueamento
diferencial em 4&gar seletivo Samonella-Shihgella e &gar MacConhey. Posteriormente, as
colbnias com aspectos compativeis com o género Samonella sp., foram confirmadas pelo
comportamento bioquimico nos meios: caldo ureia, agar citrato de Simnons, agar fenilalanina,
agar triplice-ferro-acucar, meio motilidade-lisina-indol, meio Vermelho de Metila e meio

Vorges Proskauer.

Os indicadores parasitologicos foram analisados, pela presenca de ovos e larvas do tipo
Strongyloides spp. As andlises parasitologicas foram realizadas pela contagem de ovos por
grama de composto (OPG), técnica coproparasitoldgica quantitativa (Gordon; Whitlock, 1939).
Os ovos de Strongyloides spp., foram visualizados e contados utilizando microscopia 6ptica
(aumento 100x). A identificacdo foi fundamentada nas caracteristicas morfoldgicas particulares
do género, tais como conteudo dos ovos, espessura da membrana externa, entre outras
(Soulsby,1987). Para a recuperacdo e quantificagdo do nimero de larvas presente em cada
amostra utilizou-se a técnica de Baermann modificada, descrita por Rugai et al. (1954), ap6s

recuperadas foram visualizadas e contadas, também, pela microscopia Optica (aumento 100x).

2.5 - Andlise estatica

Foi realizada a andlise de variancia (ANOVA), considerando as variaveis de todas as
amostragens, ao longo do tempo do processo de compostagem, e o efeito da inoculacéo nas
variaveis em cada tempo e foram comparadas pelo teste “t” de Student a significancia de
1% e 5% e de probabilidade, quando encontradas diferencas significativas. As analises
estatisticas foram realizadas pelo software SISVAR 4.0 versdes 5.6. (FERREIRA, 2000).

3. Resultados e discussao

3.1 Efeito da aplicacéo do indculo na temperatura (analise fisica)

Durante 0 processo de compostagem a temperatura pode mudar de acordo com as
diferentes fases de decomposicéo da matéria organica. Essas mudancgas indicam as alteracoes

na atividade microbiana (Liu et al., 2019).
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Os dados coletados da variacdo da temperatura durante o periodo de avaliacdo podem
ser observados na Figura 1. Em ambos os tratamentos a temperatura inicial foi de 35°C. A
elevacdo da temperatura (fase de aguecimento) foi observada logo no primeiro dia. A partir do
segundo dia iniciou-se a fase termofilica, o tratamento que recebeu inoculacdo atingiu
temperaturas superiores nessa fase que variou de 61°C a 48°C em relagdo ao tratamento
controle variando de 57°C a 45°C. Na fase de resfriamento as médias de temperatura do
composto que recebeu a inoculagdo foram menores em relacdo ao controle (entre 40°C e 37°C
e 42°C e 44°C respectivamente). N&o se observou diferenca entre as medias de temperatura
entre os tratamentos na fase de maturacdo (a partir dos 35 dias).
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Figura 1 - Média de temperatura dos pontos de medi¢&o ao longo do processo de compostagem da cama de equinos
com substrato de palha de arroz, do tratamento controle com aplicagdo de inéculo.

A temperatura é um dos parametros basicos do processo de compostagem, pois afeta
diretamente o processo bioldgico, principalmente na sucessdo e evolugdo microbiana, na
eliminacdo de patdgenos e, afeta diretamente a eficiéncia do processo (Wang et al. 2019). O
presente estudo mostrou que as pilhas inoculadas com A. fumigatus atingiram temperaturas
mais altas na fase termofilica (7 dias) de 61 °C, em média 8 °C a mais que 0 composto controle,
indicando que o microrganismo inoculado foi ativo desde a primeira inoculagdo maximizando
a temperatura. No entanto, ndo foi observada diferenca no tempo da fase termofilica entre os
compostos. Estudo de Wu et al. (2019) demonstraram que a aplicacdo de inoculantes comerciais
(CTA — Composite Trichoderma Agent) durante a compostagem conjunta de esterco suino e
palha de arroz conseguiu manter a temperatura acima de 55 °C, por 11 dias. Outros estudos
com inoculantes biologicos observaram aumento de temperatura na co-compostagem com
residuos de palha de arroz. Chi et al., (2020) ao analisar o processo de compostagem de esterco
suino com residuos de palha de arroz inoculado com micoorganismo (JSP-1 Streptomyces

griseorrubens) observaram aumento significativo da fase termofilica do composto inoculado
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(>60°C) em relacdo ao controle. (> 50°). Jiang et al. (2021), estudaram a aplicacéo de indculo
fangico (Aerobasidium paleasum - DW1) em éreas frias atingindo temperaturas acima de 60
°C, por 10 dias com compostos inoculados, superiores ao controle que atingiu 55,5 °C,
indicando o potencial de aplicacdo de fungos em processo de compostagem com residuos de
palha de arroz. A utilizacdo de fungos nos residuos orgéanicos provocou um aumento da
temperatura média em 8°C, em comparacdo ao controle durante o processo de compostagem,
mas nédo influenciou a duracdo da fase termofilica. Essa fase é relevante para a remocéo de
patdgenos e sementes de plantas invasoras, assim como ativacdo de microrganismos
ligniceluloliticos. Os fungos podem contribuir para acelerar a decomposicdo da matéria
organica e a gerar um composto de melhor qualidade (Andrade et al., 2021).

3.2 Alterac6es no perfil de pH e condutividade elétrica (C.E)

A atividade microbiana durante a degradacdo da matéria organica € influenciada e
influencia as mudancas de pH (Vobérkova et al., 2017). As amostras analisadas mostraram uma
variacdo semelhante entre os tratamentos, sem diferencas significativas (p>0.01) nas fases de
aquecimento, termofilica e de maturacdo conforme observado na figura 2a e 2b. Na fase de
aquecimento, termofilica (0 ao 15 dia) houve uma alteracdo gradual de condices alcalinas (pH
em agua de 9,1 para 8,7 e pH CacCl, de 8,5 para 7,5) nos dois tratamentos. Nas primeiras etapas
da compostagem, ocorre uma queda do pH devido a alta atividade dos microrganismos que
degradam a matéria organica e produzem &cidos organicos como subprodutos, acidificando o
meio (Vobérkova et al., 2017, Li et al., 2023). Observou-se diferenga significativa (p<0.01)
entre os tratamentos na fase de resfriamento (15 ao 30 dia); o tratamento controle atingiu valores
inferiores (pH em &gua 7,7 e pH em CaCl, 6,5) em relag&o ao inoculado (pH em agua 8,3 e pH
em CaCl.7,1).

Na fase de maturagédo foi observado o aumento do pH apds 30 dias do processo, 0s
tratamentos permaneceram alcalinos até 75 dias do composto e finalizando com pH neutro em
agua 7,3 para o controle e 7,5 para o tratamento inoculado e ligeiramente acido em pH em
CacCly, 6,4 em ambos os tratamentos. Uma possivel explicagdo para o aumento dos valores de
pH para condicdes alcalinas ao longo do tempo é a hidrolise das proteinas e a degradacéo dos
acidos organicos presentes nos meios que produzem quantidade significativa de amonia
elevando assim os indices de pH (Jain et al., 2019, Zhang et al, 2021, Li et al. 2023).

A C.E uma medida da capacidade de uma solucdo de conduzir corrente elétrica, que
depende da presenca e da quantidade de sais dissolvidos (Gondeck 2019). Durante os primeiros

15 dias, ndo houve diferenca significativa (p>0.05) na C.E entre os tratamentos, que
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apresentaram uma reducdo de 1,6 mS/cm para 1,4 mS/cm no controle e de 1,54 mS/cm para 1,3
mS/cm no inoculado, como mostra a Figura 2 c. Essa reducdo pode ser explicada pelo consumo
de nutrientes pela microbiota do composto, que gera subprodutos organicos que diminuem a
concentracdo de ions na solucdo (Jiang-Ming, 2017, Zhang et al., 2017). A partir dos 15 dias,
observou-se uma diferenca siginificativa (p<0.05) entre os tratamentos na fase de maturacao do
composto. O tratamento controle mostrou um aumento na C.E de 1,4 mS/cm para 1,8 mS/cm
entre os dias 15 e 45, enquanto o tratamento inoculado apresentou um aumento mais tardio e
menor, de 1,3 mS/cm para 1,5 mS/cm entre os dias 30 e 60. Esse aumento pode ser atribuido a
biodegradacdo dos compostos organicos e a liberacdo de ions minerais na solugdo (Gondek et
al., 2020, Wang et al., 2022). O tratamento inoculado teve uma atividade microbiana mais lenta

e menos intensa do que o controle, o que pode ter influenciado na C.E do composto.
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Figura 2 - Valor médio de pH em CaCl2 0,01 mol L-1 (a), pH em agua (b) e (c) Médias de Condutividade Elétrica
(C.E) em mS.cm-1 no composto do tratamento controle e inoculado obtidos em diferentes dias do processo de

compostagem.
* Mostra diferenca significativa (p<0.01). (Student t-test)
**Mostra diferenca significativa (p<0.05). (Student t-test)

3.3 AlteracGes nos parametros de COT, NT e relacédo C/N
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As mudancas observadas nos parametros quimicos NT, COT e relacdo C/N ao longo do
tempo de compostagem estdo demonstradas na figura 3 (a, b e c).

A disponibilidade de N na mistura de compostagem é um fator importante para o
desempenho dos microrganismos e a velocidade de decomposi¢do da matéria organica, pois o
N € essencial para a formacao de proteinas e o crescimento celular dos microbiano (Greff et al.
2022). N&o houve diferenca significativa nos indices de NT entre os tratamentos analisados (p>
0.05). Na fase inicial do processo (dia 0) o tratamento inoculado apresentou os indices de NT
de 1,6 dag/kg e ap6s 90 dias de compostagem o NT aumentou para 2,1 dag/kg, ja o controle
apresentou um indice de 1,5 dag/kg na fase inicial e 2,2 dag/kg apds 90 dias. Wang et al. (2020)
realizaram uma pesquisa sobre as alteragdes fisico-quimicas e a dinamica fdngica da
compostagem de dejetos de suinos e palha de arroz. Eles observaram que os niveis de NT
aumentaram progressivamente ao longo dos 85 dias de compostagem e que o A. fumigatus foi
o fungo predominante isolado durante o processo. Contudo a disponibilidade de N é
considerada um fator critico que podem afetar a sobrevivéncia e limitar o crescimento e a
reproducdo dos fungos (Zhang, 2023). Os baixos valores de NT apresentado pelo composto

(préximos a 1,6 dag/kg pode ter reduzido a eficiéncia no fungo inoculado).

O carbono é o elemento basico que constitui a maior parte dos microrganismos, tendo
uma importancia critica no processo de decomposicdo da matéria organica (Temel, 2023). A
degradacdo do carbono organico resulta na formacdo de substancias himicas, que séo
compostas por &cidos humicos e &cidos falvicos. Os &cidos himicos sdo formados por estruturas
mais complexas, como celulose, hemicelulose e lignina, que conferem estabilidade e resisténcia
a decomposicdo. Os acidos fulvicos sdo estruturas de menor peso molecular, que sdo mais
soluveis e reativas a degradacdo (Oliveira 2020, Ren et al. 2023). No inicio do experimento
(dia 0), os teores de concentragcdo COT foram semelhantes nos dois tratamentos (proximos a 45
dag/kg). Os tratamentos ndo apresentaram diferenca significativa (p>0.05) ao longo do processo
de compostagem. Resultado semelhantes foram encontrados por Fetti (2014) que estudou o
efeito da aplicacéo de col6nias de fungos constituido principalmente por cepas de A. fumigatus
no processo de compostagem de lixo urbano e observou que os perfis de reducdo do carbono

foram similares entre o controle (22%) e o tratamento (32%).

O processo de degradacdo da matéria organica resultou em uma diminuicao da relacéo
C/N nos dois tratamentos, inoculado e controle. A reducdo foi de 43% no inoculado e de 48%

no controle, sem diferenca estatistica significativa entre eles. A relacdo C/N inicial dos
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tratamentos foi de 28/1 para o inoculado e 29/1 para o controle, e na fase final foi de 16/1 em

ambos 0s €asos.

Um estudo recente avaliou a capacidade do fungo Aspergillus fumigatus de produzir
enzimas que degradam a lignocelulose (CMCase) em diferentes condi¢cdes. Os autores
encontraram que, em condicdes in vitro, as cepas do fungo apresentaram uma alta atividade
enzimatica (Nascimento et al., 2023), possivelmente devido a padronizacdo de fatores como
temperatura, umidade, pH e fonte de carbono. No entanto, em condic¢des in vivo, utilizando
palha de arroz como substrato, ndo houve uma melhora significativa na degradacéo da matéria
organica. Tal fato pode ser explicado pela dificuldade de controlar as variaveis do processo,
pela porosidade do material e pelas alteracdes ambientais que podem afetar o desempenho do

microrganismo inoculado.
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Figura 3-Valor médio de Nitrogénio Total (a); Valor médio Carbono Orgénico Total (b); Valor médio Relacéo
C/N (c), do composto no tratamento controle e inoculado obtidos em diferentes dias do processo de
compostagem.

3.4 Anélises da biodegradacéo do material lignocelulolitico

A decomposicdo de materiais lignoceluldsicos tem um papel fundamental no ciclo do

carbono durante o processo de compostagem, as mudancas nas taxas de degradacdo da
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lignocelulose forma mostradas na Figura 4 (a, b e ¢). A lignocelulose é composta principalmente
por hemicelulose, celulose e lignina, que sdo degradadas durante a compostagem em agucares
simples e compostos aromaticos, respectivamente. Estes ultimos sdo precursores das
substancias humicas, que se formam principalmente na fase de maturacdo da compostagem
(Andlar et al. 2018, Zhu et al. 2021). No inicio da compostagem, os teores de hemicelulose
foram semelhantes no tratamento inoculado e no controle, com 21,9% e 22%, respectivamente
(p >0.05). A fase termofilica foi a mais intensa na degradacdo da hemicelulose com uma
reducdo de 18,8% no controle e 21,3% no tratamento inoculado. Na fase de maturacdo néao

houve diferenca significativa entre os tratamentos.

Os precursores das substancias humicas sé@o os compostos fenolicos, que se originam da
degradacdo de polimeros vegetais durante a compostagem (Andlar et al., 2018, Zhu et al.,
2021).

A hemicelulose é outro componente da parede celular vegetal que sofre degradacao
durante o processo. No presente estudo ndo houve diferenca significativa entre os tratamentos
quanto ao teor de hemicelulose (p >0.05). No inicio da compostagem, os teores de hemicelulose
foram semelhantes no tratamento inoculado e no controle, com 21,9% e 22%, respectivamente.
A fase termofilica foi a mais intensa na degradacdo da hemicelulose, com uma reducdo de
18,8% no controle e 21,3% no tratamento inoculado. Os resultados encontrados divergem de
Xu et al. (2019) que ao estudar a inoculagdo de um misto microbiana contendo Bacillus sp.e
Aspergillus sp. em composto de esterco bovinos, observaram uma melhor eficiéncia na

degradacao da hemicelulose do que o tratamento controle.

Os valores iniciais dos teores de celulose foram de 45% para o tratamento controle e
43% para o tratamento inoculado. A biodegradacdo da celulose foi mais intensa na fase
termofilica do experimento com o tratamento inoculado, que apresentou uma reducdo de
16,36% nesse componente, enquanto o grupo controle teve uma reducédo de apenas 4,4% (p<
0.01). Isso demonstra que o tratamento inoculado foi mais eficaz na degradagao da celulose do
que o controle nessa etapa do processo. A. fumigatus possui alta capacidade de producdo de
enzimas capazes de quebrar a celulose com atividade expressiva em temperatura entre 40 e

60°C, demonstrando a natureza termofilica desta linhagem (Gouvéia et al., 2018).

A lignina apresentou uma menor degradacdo em relagéo a celulose e & hemicelulose, o
que pode ser atribuido & sua complexa estrutura tridimensional com muitas ramifica¢fes (Xu et

al. 2019). No final do processo de compostagem, os niveis de lignina diminuiram 25% para o
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tratamento controle e 21% para o inoculado, sem diferenga significativa entre os tratamentos
(p>0,05). Neste experimento, a inoculagdo com A. fumigatus ndo teve efeito na decomposicéo
da lignina. Os resultados divergem dos encontrado por Zhou et al. (2015), que estudou a
aplicacdo de consorcio de fungo (Hermoactinomyces sp. e Thermoactinomyces sp) em
diferentes fases do processo de compostagem com uso de esterco de bovinos e palha de arroz,
que foram inoculados em diferentes estagios do processo de compostagem de esterco bovino e
palha de arroz. Eles observaram que as pilhas inoculadas foram mais eficientes na degradacéo

da lignina (45%) do que o grupo controle (15%) na fase de maturacéo.
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Figura 4 -Variagdo média expressa em porcentagem do teor de degradacdo de componentes da lignocelulose
durante o processo de compostagem nos tratamentos controle e inoculados obtidos em diferentes dias. Taxa de
degradacdo da hemicelulose (a); taxa de degradacéo da celulose (b); taxa de degradacdo da lignina (c).

* Mostra diferenca significativa (p<0.01). (Student t-test).

3.5 Eficiéncia da eliminacéo de agentes bacterioldgicos patogénicos

A quantificacdo do NMP de E. coli na fase inicial (dia 0) e fase final (90 dias) do

processo de compostagem estdo representadas na tabelal. Pode-se observar que houve
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diminuig&o significativa em ambos os tratamentos. O tratamento controle iniciou 0 processo
com os nlimeros mais provaveis de bactérias superior a 125x10° NMP g™ reduzindo para
nimeros menores que 1x10° NMP g« e o tratamento inoculado iniciou com nimeros
superiores a 813x10° NMP g e reduziu ao final do processo para menos de 9x10° NMP g
L. Em ambos os tratamentos ndo foi detectada a presenca de Samonella sp em nenhuma das
amostras experimentais. Como esperado, os tratamentos mostraram elevados niveis de E. coli
no inicio do experimento (dia 0), devido a origem fecal do material. A utilizacdo de residuos
de esterco animal na compostagem inicial pode acarretar a presenca de patdégenos, que devem
ser eliminados por um processo de compostagem adequado para evitar riscos a satde animal e

humana, bem como ao ecossistema (Li et al.,2021).

A eliminacdo de microrganismos nocivos depende da combinacdo adequada de
temperatura e tempo durante a fase termofilica do processo de compostagem (Manga et al,
2023). Para garantir a qualidade sanitaria do composto, recomenda-se que as pilhas de material
organico sejam mantidas a uma temperatura minima de 55 °C por pelo menos 15 dias e 60°C
por 3 dias (Manga et al., 2023). No entanto, esse critério isolado nao é suficiente para assegurar
a inocuidade do produto, pois outros fatores podem influenciar na reducéo dos patégenos, como
0 pH, a umidade, a aeracéo e a granulometria (Lepesteur et al., 2022).

Nas leiras compostas em ambos 0s tratamentos, houve uma diminuicdo de 99% na
contaminag&o bacteriana de coliformes fecais. O tratamento inoculado, embora tenha alcangado
temperaturas acima de 60°C por trés dias seguidos e tenha reduzido significativamente a
contaminacdo bacteriana (99%), ndo atendeu aos padrbes exigidos pela legislacdo brasileira
(BRASIL, 2009). Possivelmente, isso se deve a alta contaminacdo de coliformes presentes no
material organico proveniente das fezes dos animais usados para formar a leiras do composto

que foram inoculadas.

A partir da correlacdo entre o dado levantado no presente estudo e os resultados das
analises bacterianas, pode-se inferir que o processo de compostagem das camas saturadas de
equinos imunossuprimidos requer maior investigacéo. Isso se deve ao fato de que o somente o
critério tempo-temperatura durante a fase termofilica da compostagem pode néo ser suficiente
para eliminar os agentes patogénicos presentes nas camas. Estudos realizado por Vasconceles
et al., (2019) analisou a compostagem de poda de arvore e residuos alimentares urbanos com e

sem tela de sombreamento, e verificou que o0s compostos sem tela de sombreamento
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apresentaram altos niveis de coliformes termotolerantes na matéria prima (7,1 x 104 NMPg™1),
0 que indicou uma possivel fonte de contaminacéo desses microrganismos no final do processo.

Tabela 1 - Resultado do nimero mais provavel por grama (NMPg-1) de Coliformes Fecais,
Samonella sp em 10g de composto no dia 0 do processo de compostagem e apds 90 dias (inicio
e fim) em comparacédo aos padrdes estabelecidos pelo MAPA

Tempo de Tratamento Tratamento - 'Y'AEA ]
compostagem controle Inoculado (Ins rugzosefzooog;)ma Ivas

Coliformes fecais (NMP gst)
0

> 125x103 > 813 x10° <1.0x 10°
%0 <1x10® <9x10°

Salmonella sp (pesquisa em 10 g)
0 Ausente Ausente Ausente
%0 Ausente Ausente

Etapas do processo de compostagem em dia: 0 — fase inicial; 90 -final do processo de compostagem

3.6 Eficiéncia da eliminacdo de agentes parasitarios

O monitoramento de ovos por grama de composto e larvas de Strongyloides spp. foi
utilizado como parametro parasitoldgico de eficiéncia do processo de compostagem. Todas as
amostras coletadas no dia zero em ambos 0s tratamentos apresentaram alta detec¢éo de ovos de
helmintos viaveis, conforme Tabela 2. Ao final da fase termofilica (7 dias), a contagem de OPG
ndo foi observada até o final do processo (90 dias), indicando que as temperaturas alcangadas
em ambos os tratamentos foram suficientes para a remoc¢édo dos ovos. Neste estudo, observou-
se reducdo no numero de larvas viaveis de Strongyloides spp ao longo do processo de
compostagem para todos os tratamentos. Os valores encontrados ao final do processo
permaneceram abaixo dos niveis preconizados pela legislacdo brasileiras para utilizagdo na
agricultura agricolas (MAPA- Diretriz Normativa 25/2009) (Brasil, 2009). O composto
inoculado apresentou maior reducdo em relagdo ao controle (87% e 78%, respectivamente).

Varios microrganismos tém sido estudados como inoculantes para induzir a atividade
microbiana natural do composto. Um de seus objetivos € um aumento rapido e acentuado da
temperatura o que contribui para a desinfec¢éo eficaz do composto (Wan et al., 2020; Xu et al.,
I. 2019; Jiang et al., 2021). Neste estudo, o tratamento com inocula¢des sequenciais de
Aspergillus fumigatus apresentou temperaturas termofilicas mais elevadas em relacdo ao

controle (61°C e 53° C, respectivamente). Outros estudos demonstram que o uso de fungos do
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género Aspergillus sp. na eliminacdo de nematoides podem ser uma promessa para o controle
bioldgico de helmintos. Esses fungos produzem varios compostos bioativos que tém o potencial
de inibir a eclosdo e o desenvolvimento larval (Khattack et al., 2018; Soares et al., 2018; Vieira
et al., 2023). Esses dois fatores podem ter contribuido para que o tratamento inoculado
seriadamente com Aspergillus fumigatus tenha sido capaz de suprimir larvas vidveis de forma
mais eficiente que o controle (87 % e 78 %, respectivamente). Nesse contexto, ao final do
processo todos os tratamentos atenderam aos padrdes estabelecidos pelo CONAMA - resolucéo
Conama n° 375 de 2006 (Brasil, 2006), indicando que a compostagem desses residuos auxilia
na remocao de patdgenos associados aos helmintos. Os resultados encontrados corroboram com
os estudos conduzidos por Ferreira et al., (2021) que analisaram a carga parasitaria de ovos de
helmintos em compostagem de cama de equinos e aves onde concluiram que o processo de
compostagem (120 dias) nos tratamentos estudados fora eficazes na eliminacdo de ovos de
helmintos aos 90 dias do processo.

Tabela 2 - Ocorréncia de ovos viaveis de helmintos tipo Strongyloidea em 4g de matéria

Umida e de larvas viaveis de helmintos tipo Strongyloidea por grama de sélidos totais em
diferentes dias do processo de compostagem (0,5,30,90).

Tempo de Tratamento Tratamento MAPA _
Compostagem controle inoculado (Instru9205e/32(|)\lo(;')matlvas

Ovos viaveis de helmintos tipo Strongyloidea/4g de ST

0 133 228

° 0 0 <0,25/gde ST

30 0 0

90 0 0
Larvas viaveis de helmintos tipo Strongyloidea /g de ST

0 15 4.6

° 0 0 1/9gdeST

30 0,33 1

90 0,33 0,66

Etapas do processo de compostagem em dia: 0 — fase inicial; 5 - final da fase termofilica; 30 - inicio da
fase de maturac@o;90 -final do processo de compostagem

4. Concluséao

A aplicacdo de Aspergillus fumigatus foi benéfica para aumentar a temperatura na fase

termofilica, mas néo teve efeito no prolongamento desta fase. O inoculo fangico teve pouco
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efeito na degradacdo de matéria organica e na alteracd dos parametros quimicos. N&o houve
influéncia na degradagdo da lignocelulose ap6s sucessivas inoculagdes flngicas ao longo do
processo de compostagem. No tratamento que houve a inocula¢do, o numero de bactérias
patogénicas foi reduzido significativamente, mas ao final do processo o composto nédo atendeu
as exigéncias da legislacdo brasileira. Ambos os tratamentos foram eficazes na eliminacdo de
microrganismos parasitas. A partir das analises dos dados, conclui-se que a inoculagéo seriada
Aspergillus fumigatus nédo teve efeito significativo na melhoria da qualidade do composto de
cama saturada de equinos com palha de arroz, portanto seu uso ndo se mostrou uma estratégia

eficaz para otimizar o processo de compostagem com este tipo de residuo.
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