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ABSTRACT
The different organic matter fractions of residues significantly impact the degradability of organic
material in composting windrows. Based on that, this study aimed to find out the organic matter
fractions that most impact the breakdown rate during composting, besides proposing models to
estimate the solids reductions in sheep bedding composting windrows. To that end, 24 sheep
beddings from different locations and varied composition were composted so as to ensure the
representativeness of the sample. The models found for reduction in total (TS) and volatile (VS)
solids as a function of compostable organic matter (COM) and organic matter resistant to
composting (OMRC) were not significant. Lignin had correlation coefficients of ¡0.6, ¡0.89, and
¡0.84 in relation to temperature, TS reduction, and VS reduction, respectively. The hemicellulose:
lignin ratio was the parameter most correlated with temperature (0.69), TS reduction (0.91), VS
reduction (0.92), and nitrogen (0.5), which led to more significant predictive models. It can be
concluded that the hemicellulose:lignin ratio is the parameter that most impacts the breakdown of
organic matter and nitrogen losses in sheep bedding composting windrows.

Introduction

Composting is one of the most used and disseminated
techniques in Brazil for the treatment and recycling of
solid residues from animal production (Orrico et al.
2012). Its main advantages are related to the reduction
in the number of pathogenic microorganisms and vol-
ume and mass reduction of solids, in addition to gen-
erating at the end of the process an organic fertilizer
rich in many important nutrients for plant growth
(Moretti, Bertoncini, and Abreu-Junior 2013).

Composting is most often developed with the
presence of fibrous agents (wood shavings and straw)
in association with animal waste (Cayuela et al.
2012). The main advantages of using these agents are
the reduction in greenhouse gas emissions during
composting, reduction in nitrogen losses (C/N ratio),
ease of collection (for being solids), low odor emis-
sion, and low or no concentration of toxic compo-
nents (Cayuela et al. 2012; Paradelo, Moldes, and
Barral 2013).

Despite all those advantages, fibrous agents have
some downsides, such as greater resistance to break-
down. The analyses of compostable organic matter
(COM) and organic matter resistant to composting
(OMRC), described by Kiehl (1985), have been used for
many years in Brazil to predict the proportion of easy-
and hard-to-break down materials during composting.
However, recent studies have shown that fractioning
fiber into cellulose, hemicellulose, and lignin would be
the safest way to predict the ease or difficulty of break-
ing down a certain plant material (Francou et al. 2008
and Nakhshiniev, Gonzales, and Yoshikawa 2012).

Francou et al. (2008) tested the degradability of
different green waste mixes (high lignin content), bio-
waste (high contents of soluble carbohydrates and
nitrogen), and paper-cardboard (high cellulose con-
tent) during the composting process. According to
those authors, the presence of high proportions of
lignin (windrows with higher proportions of green
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waste) negatively impacted organic matter stability.
On the other hand, cellulose was shown to favor the
rapid stabilization of organic matter up until 50%
paper-cardboard dry matter inclusion. Beyond that,
the low nitrogen availability (very high C/N ratio)
reduced the breakdown of the material.

Confined animal bedding has a fibrous plant mate-
rial base layer responsible for absorbing the excreta and
food leftovers during confinement. The final product of
such beddings is a nitrogen-rich (low C/N ratio), very
heterogeneous (depending on the ratio between excreta
and bedding), partially broken-down material (bedding
decomposition over confinement). That makes sheep
bedding a very different material from those used in
the aforementioned researches (Francou et al. 2008;
Nakhshiniev, Gonzales, and Yoshikawa 2012).

Based on that, this study was conducted aiming to
find out which organic matter fractions are most cor-
related with rate of breakdown during composting
and subsequently propose models to explain the main
changes in composting parameters for sheep bedding.

Materials and Methods

The research was developed based on different bed-
dings collected in sheep confinements in the state of

Mato Grosso do Sul, Brazil. The beddings were col-
lected from 24 different farms to ensure greater data
representativeness.

The confinement areas were small, built in
masonry, roofed, and well ventilated while the bed-
ding base layer (absorbing material) was wood shav-
ings. The difference among the farms lay on animal
breeds and ages, diets provided, animal density, han-
dling, and time each animal remained in confinement.
All those differences allied to the large number of sam-
ples led to an important variability in data (table 1).

The sheep beddings collected in each property were
transferred to a composting yard with concrete floor
and 2% slope for excess moisture draining, being cov-
ered with a plastic sheet for protection against direct
sunlight and rain. For the beginning of the experi-
ment, an amount of approximately 20014;kg or 0.78
m3 bedding was established for the formation of each
composting windrow, which resulted in windrows
0.714;m high, 1.114;m wide, and 1.414;m long. Three
windrows were prepared for each collection site for a
total of 72 experimental plots (windrows).

Temperature was recorded daily with a digital
skewer thermometer inserted into the middle of the
windrow. The mean windrow temperature data are
presented in figure 1. The windrows were weighed

Table 1. Chemical and microbiological composition of the sheep beddings used to assemble the composting windrows.

% in TS log MPN/g

Collection sites VS C COM OMRC N C/N Hem CEL Lig TC TTC

1 88.07 22.98 41.37 46.70 1.66 13.85 8.33 42.21 5.66 7.64 7.43
2 88.43 23.91 43.05 45.38 1.64 14.58 8.33 42.67 6.12 8.23 7.98
3 88.19 23.83 42.89 45.30 1.58 15.08 8.33 42.44 5.89 6.63 6.63
4 88.00 24.65 44.37 43.63 1.55 15.90 8.36 42.81 6.14 7.65 7.34
5 91.41 22.36 40.24 51.17 1.68 13.31 9.00 38.66 5.16 6.43 6.21
6 90.37 21.78 39.21 51.16 1.65 13.20 9.00 39.12 5.62 7.63 7.21
7 90.12 24.24 43.63 46.49 1.66 14.60 9.00 38.89 5.39 6.63 6.32
8 91.45 21.89 39.41 52.04 1.60 13.68 9.03 39.24 5.64 7.63 7.34
9 90.58 23.35 42.04 48.54 1.43 16.33 16.79 38.50 5.56 5.63 5.01
10 90.65 22.03 39.65 51.00 1.44 15.30 16.79 38.95 6.02 5.36 5.36
11 90.78 22.68 40.83 49.95 1.42 15.97 16.79 38.73 5.79 9.36 9.36
12 91.02 22.72 40.89 50.13 1.38 16.46 16.84 39.08 6.04 9.61 8.92
13 90.24 21.85 39.33 50.91 1.58 13.83 9.01 42.13 8.48 9.36 9.21
14 90.13 24.49 44.09 46.04 1.55 15.80 9.01 42.59 8.94 8.36 8.36
15 89.77 20.22 36.40 53.37 1.54 13.13 9.01 42.36 8.71 5.36 5.36
16 90.02 23.30 41.94 48.08 1.50 15.53 9.04 42.72 8.97 7.63 7.63
17 92.07 23.49 42.28 49.79 1.76 13.35 10.40 36.43 7.34 8.63 7.87
18 92.04 23.13 41.64 50.40 1.81 12.78 10.40 36.89 7.80 6.63 6.23
19 92.38 20.86 37.55 54.83 1.74 11.99 10.40 36.66 7.57 5.63 5.32
20 92.21 24.24 43.64 48.57 1.73 14.01 10.43 37.01 7.82 7.63 7.16
21 93.81 24.19 43.54 50.27 1.66 14.57 5.44 41.34 7.65 5.63 5.32
22 93.56 21.71 39.08 54.48 1.63 13.32 5.44 41.80 8.11 8.63 7.63
23 93.45 23.64 42.55 50.90 1.60 14.77 5.44 41.57 7.88 9.42 8.56
24 93.90 22.75 40.94 52.96 1.59 14.31 5.46 41.93 8.13 7.80 7.80

CD organic carbon; ND nitrogen; C/ND carbon:nitrogen ratio; COMD compostable organic matter; OMRCD organic matter resistant to composting; CELD cel-
lulose; HEMI D hemicellulose; LIGD lignin; TC D total coliforms, and TTC D thermotolerant coliforms.
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weekly to follow the reductions in total solids (TS) and
volatile solids (VS) and to maintain the moisture con-
tent in the windrows between 50 to 60%. Samples
were collected during the weekly weighings to deter-
mine moisture, which, along with windrow weight,
enabled calculating the amount of water to be added
to the windrow to reach the maximum moisture con-
tent of 60%. Water was added and slowly mixed in the
windrows to prevent slurry formation. This was done
weekly for all windrows in order to keep their mois-
ture content from varying much, which might impact
the result of the study.

The windrows were turned over and weighed once
a week. Contents of carbon (C), nitrogen (N),
compostable organic matter (COM), organic matter
resistant to composting (OMRC), neutral detergent
fiber (NDF), acid detergent fiber (ADF), cellulose,
hemicellulose, lignin, C/N ratio, and most probable
number (MPN) of total (TC) and thermotolerant coli-
forms (TTC) were measured at the beginning and end
of the process (78 days).

Measurements of TS, VS, and MPNs of TC and
TTC during composting were determined for each
sample according to the methodology described by
APHA (2005). The contents of COM and OMRC
organic C were estimated as proposed by Kiehl
(1985). The concentrations of total nitrogen, cellulose,
hemicellulose, and lignin were determined according
to the methodology described by Silva and Queiroz
(2006).

Data were analyzed using the package R (version
2.15.2 for Windows) and underwent Shapiro-Wilk’s
test for residual normality, and Bartlett’s test for vari-
ance homogeneity. The presence of outliers was also
verified. All characteristics met the assumptions of the
model. After preliminary analysis, regression analyses
were performed between sheep bedding component
content (independent variables) and composting char-
acteristics (dependent variables).

Spearman correlation (agricolae package, version
1.1¡4) was used to assess the association between
sheep bedding composition (independent variables)
and composting characteristics (dependent variables)
at a significance level of 95%.

Results and Discussion

Table 2 displays important correlations between sheep
bedding composition and composting efficiency.
Among the different fractions making up the initial
material, hemicellulose responded more positively and
lignin, more negatively. Therefore, the hemicellulose-
to-lignin ratio was taken as parameter showing the
most significant correlations.

Figure 1. Behavior of mean windrow temperature during sheep
bedding composting.

Table 2. Correlation coefficients between the sheep litter composition and the main parameters assessed during composting.

C/N OMRC COM Hemi Cel Lig Hemi/Lig
Parameters Windrow composition (% in TS)

T (�C) ns ns ns 0.44** ns ¡0.60** 0.69***

Red TS (%) ns ¡0.48** ns 0.43* ns ¡0.89*** 0.91***

Red VS (%) ns ¡0.39* 0.41* 0.46** ns ¡0.84*** 0.92***

Red C (%) 0.54** ¡0.74*** 0.51** ns ns ¡0.38* 0.74***

Red COM (%) 0.54** ¡0.74*** 0.51** ns ns ¡0.38* 0.74***

Red OMRC (%) ns ns ns 0.45** ns ¡0.38* 0.63***

Red N (%) ns ns ns ns ns ns 0.50**

Red Hemi (%) ns ns ns 0.80*** ¡0.58** ¡0.83*** 0.76***

Red Cel (%) ns ns ns 0.54** ns ¡0.81*** 0.59**

Red Lig (%) ns ns ns 0.40* ns ¡0.46** 0.74***

Red TC (%) ns ns ns ns ns ns ns
Red TTC (%) ns ns ns ns ns ns ns

nsD not significant;
�D p<0.05;
��D p<0.01;
���D p<0.001.
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Temperature is important for composting quality
(Alexander 2007). High temperatures for a long
period increase material breakdown and, thus, its
rate to reach a stable form will be slower (Flynn
and Wood 1996). The higher the temperature, the
higher the reduction in pathogenic microorganisms
that cannot tolerate high temperatures for several
days (Torres et al. 2007). The windrows originated
from sheep bedding with higher Hemi/lig ratios
had the highest average temperature during com-
posting. However, no significant correlations or sig-
nificant models were found between sheep bedding
compositions and reductions in total and thermo-
philic coliforms. All windrows had TC and TTC
reductions above 99.99% since all of them achieved
average temperatures of 55�C during the thermo-
philic phase. Such high temperatures lasted for
more than 30 days (thermophilic phase), thus
destroying much of the coliforms. According to
Orrico, Orrico Junior, and Lucas Junior (2007),
temperatures over 55�C for 21 consecutive days are
sufficient to lower pathogens to acceptable levels,
thus enabling the application of organic residues to
the soil. Authors such as Curci et al. (2007) and
Torres et al. (2007) demonstrated the effectiveness
of composting in eliminating several species of
pathogenic microorganisms, including sporulating
bacteria such as Clostridium sp.

Figure 2 shows the behavior of OMRC and COM
contents for TS and VS reductions. Even though
widely used to characterize a composting residue,
these parameters showed no models (p>0.05) able to
explain the behavior of TS and VS reduction in the
windrows. Thus, the use of OMRC and COM to pre-
dict the breakdown of fiber-rich residues has low accu-
racy and their use is not indicated.

Fiber fractioning enabled identifying lignin and its
proportion to other fiber fractions as general agent
of composting material breakdown (figure 3). More-
over, Francou et al. (2008) concluded that, among
the fibrous fractions, lignin most influences delaying
organic matter decomposition, thus the rate of biodeg-
radation of an organic material varies with its lignin
content. Therefore, Francou et al. (2008) stated the
(cellulose C hemicellulose)/lignin ratio is a reliable
predictor of breakdown potential or even whether it
has already reached a satisfying level of degradation
to be used as organic fertilizer. According to those
authors, the higher the (cellulose C hemicellulose)/lig-
nin ratio, the higher the material biodegradation.

Furthermore, lignin had a negative effect on TS and
VS reductions. However, the most significant model
with the highest R2 value was the one relating reduc-
tions in TS and VS to the Hemi/lig ratio. This variable
also showed the best correlation coefficients and was
the most suitable to estimate breakdown of the mate-
rial used in this study.

Interestingly, cellulose and hemicellulose reduc-
tions were also influenced by lignin contents, as well
as the Hemi/lig and (cellulose C hemicellulose)/lignin
ratios in composting starting material (figure 4).
Orrico et al. (2012), when studying composting with
different poultry litter materials, observed that
the highest reductions in cellulose and hemicellulose
(77.37 and 74.23%, respectively) were obtained in the
litters that had the lowest lignin contents. This finding
is in agreement with the study carried out by Perez
et al. (2002), who found that lignin, besides being
poorly degraded, also contributes to delaying the bio-
degradation of plant material cellulose and hemicellu-
lose, hence playing a role as physical barrier and
protecting fibers from the attack of cellulolytic

Figure 2. Behavior of TS and VS reductions according to the contents of COM and OMRC. Significance: p < 0.05.
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and hemicellulolytic microorganisms. Thus, it is
believed that part of the hemicellulose and cellulose
susceptible to breakdown was not hydrolyzed during
composting due to strong protection by lignin.

Nitrogen reduction was influenced (p<0.01) only
by the Hemi/lig ratio (figure 5). According to Orrico
Junior, Orrico, and Lucas Junior (2010), significant
nitrogen losses are commonly observed during com-
posting of residues with low C/N ratios. This is
explained by a C/N ratio imbalance in the material,
which, in most cases, experiences excess nitrogen loss
through volatilization as ammonia. These losses start
with nitrogenous compound hydrolysis by microor-
ganisms breaking down organic N to form N–NH4

C

(ammonification). The N–NH4
C formed is used for

microbial growth or nitrification process; however, in

amounts above microorganism absorption, it is lost to
the atmosphere as nitrogen and ammonia oxides, with
the latter representing the largest fraction (Steiner
et al. 2010). In this specific study, treatments with the
highest breakdown rates (higher Hemi/lig ratios) pro-
moted the largest nitrogen losses. That contrasts with
a study developed by Orrico et al. (2012), who stated
that the highest breakdown rates were achieved by
materials with the lowest N reductions due to micro-
bial activity, which prevents N losses to the atmo-
sphere. Such discrepancy in results might have
derived from a low N content in the source used here
(1.38 to 1.81%), much lower than the one used by
those authors (3.15 to 3.65%). Thus, the higher micro-
bial activity induced higher nitrogen volatilization in
the windrows.

Figure 3. Behavior of TS and VS reductions according to the contents of cellulose (pts D 0.082 and pvs D 0.077), hemicellulose
(pts D 0.052 and pvs D 0.051), lignin (pts D 0.002 and pvs D 0.002), and Hemi/lig (pts < 0.001 and pvs D 0.001) and
(celluloseChemicellulose)/lignin (pts D 0.002 and pvs D 0.003) ratios.
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Conclusion

Among the various organic fractions in plant residues,
the Hemi/lig ratio is the one that primarily influences
windrow temperature and reductions in solids and
nitrogen of sheep beddings; thus, it is considered the
most important characteristic of a composting
material.
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