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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 the
nature 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 po-
tential 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 made
with 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, MA6. 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 IU mL-, which was the best index among all the isolates. These isolates were iden-
tified as belonging to the Aspergillus fumigatus species.

Keywords: horse waste; composting process; microorganisms; beneficial; enzymes; cellulase; Asper-
gillus 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 ef-
fectiveness, composting has been the main strategy for treating organic waste. Through
this practice, the circular bioeconomy is fostered [2] and the negative environmental im-
pacts 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 produc-
tion), which was proposed in the 2030 Agenda [3] that was formulated to encourage coun-
tries 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, between 8 to 9 kg of integral materials are required per day
to 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 microorganisms in the area [6,7]. The disposal of these
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materials without proper treatment can also cause an accumulation of antibiotic residues
and antimicrobial resistance genes (ARGs) [8]. The search for economically viable, attrac-
tive, and sustainable alternatives is still a major challenge for production systems. Com-
posting, 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 ferti-
lizer [9,10].

Some chemical characteristics of the materials used in the composition of horse litter
(e.g., ahigh C/N ratio) may negatively affect composting. In this sense, adjustments to the
nitrogen availability, temperature, aeration, and humidity of the compost piles can im-
prove 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 microorganisms with specific degradation abilities
can also favor the composting process since some of these microorganisms produce a high
number of enzymes responsible for the degradation of biomolecules, such as cellulose.
Thus, the microbial inoculation of these compost piles can be a promising biotechnological
tool for improving composting [11-13]. The microorganisms 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 compound degrade most of the organic polymers. However,
if there is not enough diversity, if the environmental parameters are not ideal, and de-
pending 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 (tem-
peratures 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 second-
ary metabolism that assist in the degradation of carbohydrates [15].

The inoculation of preselected thermophilic fungi, according to their capacity to pro-
duce ligninolytic enzymes, may be a strategy capable of influencing the degradation pro-
cess in composting lines, and thus reducing the period of time required for the stabiliza-
tion of the material. In addition, it is possible that some of these microorganisms 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 inoc-
ulants 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 micro-
organisms that degrade lignocellulosic compounds [16]. Similarly, fungi belonging to the
genus 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 vegetable
waste and consistently accelerated the stabilization of the material, making the necessary
cycle shorter and enabling the safe use of the compost [17,18]. Fungi belonging to the gen-
era Trichoderma (T. harzianum, T. viride) and Aspergillus (A. niger) isolated from the com-
posting 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 com-
pounds 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 involving
the 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 with
a high potential for the production of enzymes associated with the cellulose cycle in
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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 (lat-
itude -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 rice
straw from the treatment of two adult male crossbred horses subjected to a 12% crude
protein concentrate diet (4 kg divided into two daily portions) and tifton hay-based vol-
ume. The animals stayed in the stalls for 20 days, with the manure mixed with the bedding
collected daily. At the end of this period, two compost piles were made with the bedding
remaining in the stalls in a covered shed with a cement floor. The material was homoge-
nized 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 m, 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 be-
tween 40% and 50% throughout the process to ensure sufficient water content for the ac-
tivities of the microorganisms. 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 thermo-
philic 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 composite
sample 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-') 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 supplied to an atmosphere 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].

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 (shav-
ings or rice straw). In a laminar flow chamber, flasks containing 100 mL of sterile basal
medium composed of KH2POs, CaClz, MgS04.7H20, NHsNOs, FeSO1.7H20, MnSO..4H:20,
ZnS04.7H20 and CoClL.. 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 of the selected fungi were
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inoculated in the flasks in triplicate. The flasks were incubated in a shaker incubator with
orbital 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 the
amount 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, 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 were
cooled 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 for
15 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 (UI), de-
fined as the amount of enzyme capable of releasing 1 pmol of reducing sugar per minute,
being UI mL-! 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 for
the isolates that stood out in the evaluation of the enzymatic activity of total cellulase. The
molecular characterization was performed using 1 cm? blocks of potato agar placed on a
sterile slide contained in a sterile Petri dish supported on a glass. Each isolate was inocu-
lated 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 evaluated
by light microscopy using a 40X objective.

Molecular identification was performed from fungal DNA extraction using the Fa-
vorPrepTM Soil DNA Isolation Mini Kit, followed by amplification of genetic material by
the 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 sig-
nificant 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

From the fungal cultures maintained in media enriched with rice straw as the sole
carbon source, five fungal isolates with the potential to hydrolyze cellulosic material were
obtained, thus evidencing cellulolytic activity, and six with media enriched with shavings,
allowing the elimination of strains that do not show satisfactory growth in these media.

3.2. Total Cellulase Activity

Among the eleven thermophilic fungal isolates, seven were selected for evaluation
regarding total cellulase activity because they showed better development, characterizing
a capacity to produce cellulolytic enzymes. From the isolated fungi, three belong to those
that developed in the culture medium obtained with rice straw and four with the shav-
ings.
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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 field 1 (PA5.1) and PA-7 field 7 (PA7.7),
obtained from rice straw, had the highest values, 0.376 and 0.358 IU mL~, respectively
(Table 1). The other isolates MA-¢ field F1 (MA6.F1), MA- 2 field F2 (MA6.F2), MA~7 field
9 (MA7.9), MA- field 10 (MA7.10) and PA 7 field 10 (PA7.10) showed the lowest activities,
and the medians did not differ.

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 mL7)
MAG6.2 F1 0.099 £ 0.03 at
MAG6.2 F2 0.081 £0.05 at

MA7.9 0.072 £0.04 a1
MA7.10 0.057 £0.08 a1
PA5.1 0.376 £ 0.05 ®2
PA7.7 0.358 £ 0.06 ®2
PA7.10 0.055 +0.01 a1

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 using
shavings substrate. Averages followed by numbers and equal letters do not differ by the ¢ test (Stu-
dent) at 1% probability.

When evaluating the performance of the total cellulolytic enzyme activity of the fun-
gal isolates over time after 14 and 21 days, it was observed that 4 isolates (MA6.F1,
MAG6.F2, PA5.1 and PA7.7) had the highest enzyme activity after 14 days of culture growth
in selective medium containing shavings and rice straw as carbon source (Figure 1). The
isolate MA7.9 showed the lowest enzymatic activity among the evaluated colonies, with-
out the influence of the evaluation time. The isolates MA7.10 and PA 7.10 showed the
highest 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
culture 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.
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3.3. Morphological Characterization and Molecular Identification of Isolates
The fungal isolates that presented the best rates in relation to the total cellulolytic
activity 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): MAG6.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, defined
with fungal DNA barcodes, obtained amplicons for the genus Aspergillus sp, presenting
the sequencing for the species identified as Aspergillus fumigatus. The seven isolates pre-
sented 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-77 ITS1 01 Aspergillus fumigatus
PA-77 ITS4 01 Aspergillus fumigatus
PA75 ITS1 02 Aspergillus fumigatus
PA75 ITS1 02 Aspergillus fumigatus

MA-62F2 ITS1 03 Aspergillus fumigatus
MA-62F2 ITS4 03 Aspergillus fumigatus
MA79.1 ITS1 04 Aspergillus fumigatus
MA79.1 ITS4 04 Aspergillus fumigatus

4. Discussion

The isolation and selection of microorganisms 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 microorganisms 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
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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 success-
fully 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 exoge-
nous microorganisms during the various phases of the composting process. The results
presented in this research are preliminary; however, it is already evident that the studied
compound itself can present lignocellulite microorganisms capable of degrading the re-
calcitrant material existing in the equine bedding, through the production of specific en-
zymes, capable of using a wide source of carbon such as: rice straw and shavings. Similar
conclusions were presented by Li et al., 2019 [37] when analyzing the composting process
of 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 the isolates presented a
satisfactory result in the first 14 days, the isolates PA5.1 and PA7.7 obtained the best index
and 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, be-
ing 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 gibber-
ellins and other plant hormone regulators [40], in addition to their ability to produce bio-
surfactants, 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, avicel
and rice straw) observed an increased production of lignocellulose in the medium con-
taining 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 com-
posted organic waste [30,43]. Promising results were observed in the joint inoculation of
A. fumigatus 75 and Geobacillus stearothermophilus B5 in rice straw waste, with prolongation
of 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) reduced
the 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 differ-
ent carbon sources. This fact can be explained by the fact that A. fumigatus are constituted
by multiple sets of important genes for cellulolytic enzymes and their gene expression
depends among other factors on the carbon source. This species employs important strat-
egy and versatility to compound degradation, diversifying secretory enzyme production,
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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].

5. Conclusions

Biotechnological tools such as the isolation of microorganisms with specific degrada-
tion 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 the
selection 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, indicat-
ing 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 mate-
rial. The reapplication of these microorganisms can be important to optimize the time re-
quired for the stabilization of residues through composting.
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