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Abstract

A central composite experimental design was used to investigate the influence of environmental composting parameters (moisture,
aeration, particle size and time) for legume trimming residues, used on soil restoration, on the properties of products obtained (organic
matter, Kjeldahl-N, C/N ratio and nitrogen losses (N-losses)) in order to determine the best composting conditions. A second-order
polynomial model consisting of four independent process variables was found to accurately describe (the differences between the exper-
imental values and those estimated by using the equations never exceeded 10% of the former) the composting process. Results of the
experiment showed that compost with acceptably chemical properties (OM, 85%; Kjeldahl-N, 3.2%), high degradation and minimum
N-losses entails operating at high operation time (78 days), low particle size (1 cm), medium moisture content (40%) and medium to
low aeration level (0.2–0.4 l air/min kg).
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Composting is a low-cost natural way of recycling
organic matter. Composting is defined as a biological
decomposition and stabilization of organic substrates,
under conditions that allow the development of thermo-
philic temperatures as a result of biologically produced
heat, to produce a final product that is stable, free of
pathogens and plant seed and can be beneficially applied
to land (Haug, 1993).

In composting, ammonia (NH3) is largely emitted when
organic matter is actively decomposed (Kuroda et al.,
2004). NH3 emission occurred in quite high concentrations
and large amount of nitrogen is lost during the treatment.
This causes a decline in the value of the compost as a fer-
tilizer, as well as complaints about malodour. Kirchmann
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and Witter (1989a, 1989b) reported that 44% of the initial
N present in a poultry manure-straw mix was lost via NH3

volatilization. Hansen et al. (1989) reported losses up to
33% of the initial total N during composting of poultry
manure. Moreover, Kithome et al. (1999) reported that
NH3 loss was 47–62% of the initial total N after 25 days
of composting poultry layer manure.

Then, research for the reduction of ammonia emission
during composting of manure is required to make agree-
able operating condition, may lead to an alleviation of
the odor problem that is usually encountered in full-scale
composting facilities, and to reduce the loss of nitrogen
from the compost (Jeong and Kim, 2001; Hong and Park,
2005).

The main factors in the control of composting include:
(i) environmental parameters (temperature, moisture con-
tent, pH, aeration) and (ii) substrate nature parameters
(C/N ratio, particle size and nutrient content).

Among environmental parameters, temperature is a key
factor in composting, which has frequently been used to
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judge the efficiency and degree of stabilisation of the treat-
ment process (Jeris and Regan, 1973; Dı́az et al., 2003) and
pH control is not usually applied in practical composting
operations (Gray et al., 1971; Nakasaki et al., 1993). Addi-
tionally, substrate nature parameters, with except to parti-
cle size, are no usually modified in full-scale systems.

References about factors such as C/N ratio, moisture
content, temperature, pH, mixing and turning, and aera-
tion rate that can influence the NH3/NHþ4 balance and
hence the ammonia emission during composting has been
reported by several authors (Reddy et al., 1979; Kirchmann
and Witter, 1989a,b; Morisaki et al., 1989; Das and
Keener, 1996; Ekinci et al., 2000). Nevertheless models,
in which it observes the influence of more than two vari-
ables simultaneously, have not been found.

The main objective of this work is to develop an
empirical model to determine the relative influence of mois-
ture, aeration, particle size and time to minimize nitrogen
losses.

2. Methods

2.1. Composting

Lignocellulosic waste, collected from legume trimming
residues used in soil restoration, was mixed to get uniform
feed material and chipped at three different particle size lev-
els. About 20 kg mixture was placed in each reactor. The
most relevant chemical characteristics of the raw materials
and final composts are reported in Table 1.
Table 1
Chemical characterisationa of the raw materials (LTR) and the final composts

pH ECcdS m�1 OMd% Ne% N-NO3 g kg�

LTRb 4.96 6.2 93.2 2.41 4.86
R1 (1, �1, 1, �1) 7.42 3.1 90.3 2.56 15.3
R2 (1, 1, 1, �1) 7.49 3.7 87.5 3.85 39.5
R3 (1, 0, 1, 0) 7.33 3.4 89.2 2.30 13.3
R4 (1, 1, 1, 1) 7.16 5.9 88.1 2.96 99.2
R5 (1, �1, 1, 1) 7.06 6.7 87.3 2.79 92.3
R6 (1, 1, 0, 0) 7.20 6.5 90.5 2.95 79.4
R7 (1, 0, 0, 0) 7.38 6.4 84.2 2.91 33.2
R8 (1, 0, 0, 1) 7.50 8.2 91.3 2.53 129.4
R9 (1, 0, 0, �1) 7.35 6.4 90.7 3.16 28.5
R10 (1, �1, 0, 0) 7.36 6.5 90.6 2.59 42.5
R11 (1, �1, �1, �1) 7.16 6.3 91.6 2.79 29.4
R12 (1, 1, �1, �1) 7.45 7 91.0 3.29 59.4
R13 (1, 0, �1, 0) 7.57 8 89.9 3.12 15.4
R14 (1, 1, �1, 1) 7.26 6.5 86.8 2.88 34.1
R15 (1, �1, �1, 1) 7.38 7.5 90.0 2.99 41.8

a Each value is the average of three samples, dry weight basis.
b Ri (time, aeration, moisture, particle size.).

Time (t), 1 (78 days).
Aeration (A), �1 (0.2 l air/ min kg), 0 (0.4 l air/min kg), 1 (0.6 l air/min kg
Moisture (M), �1 (40%), 0 (55%), 1 (60%).
Particle size (P), �1 (1 cm), 0 (3 cm) and 1 (5 cm).

c EC: Electrical conductivity.
d OM: Organic matter.
e N: Kjeldahl-N.
The cylindrical composting reactors were formed from
an acrylic column (0.5 m in diameter, 1 m in depth). To
minimize the conductive heat loss along the reactor wall,
it was insulated with polyurethane foam. Two sensors for
temperature (K thermocouples, TMC6-HA) check were
placed at center and on top of the reactor. An additional
sensor temperature was placed outside reactor to obtain
environmental temperature (Protimeter-MMS-Plus). Tem-
peratures were recorded every 0.5 days in each reactor by
two data-loggers (HOBO U12-006). Compressed air was
introduced to the bottom of each reactor and evenly dis-
tributed to the waste mixture through a perforated plate.

Independent variables were established following a three
levels central composite experimental design. Moisture
content, aeration and particle size was established follow-
ing a central composite experimental design. The moisture
(M), aeration (A), particle size (PZ) and time (t) used in the
different experiments of the factorial design were 40, 55 and
70% (Madejon et al., 2002; Zavala and Funamizu, 2005),
0.2, 0.4 and 0.6 l air/(kg min) (Ekinci et al., 2004; Kulcu
and Yaldiz, 2004; Yamada and Kawase, 2006), 1, 3 and
5 cm (Haug, 1993; Gray et al., 1971) and 10, 34 and 78
days, respectively. To ensure initial conditions, water losses
were compensated by the addition of water during active
composting.

2.2. Experimental design

In order to be able to relate the dependent and indepen-
dent variables with the minimum possible number of exper-
(R1–R15, t = 78 days)

1 N-NH4 g kg�1 C/N P2O% Na% K2O% CaO% MgO%

0.01 19.6 0.75 0.09 3.05 2.90 0.97
0.03 12.6 1.20 0.11 4.98 4.24 1.26
0.05 21.5 1.41 0.21 6.09 5.24 1.51
0.02 16.5 0.93 0.12 4.79 4.49 1.39
0.03 17.4 0.83 0.16 4.88 3.42 0.93
0.06 17.0 0.52 0.09 2.95 2.32 0.70
0.01 16.0 1.05 0.11 4.98 4.21 1.13
0.47 20.0 0.96 0.10 4.05 3.34 0.99
0.09 15.9 0.80 0.27 3.78 3.46 0.76
0.08 19.5 1.17 0.11 5.27 3.96 1.18
0.05 18.3 0.91 0.11 4.06 3.42 0.92
0.06 15.4 0.99 0.19 4.40 3.37 0.98
0.02 16.0 0.99 0.11 5.04 4.20 1.27
0.21 16.7 0.90 0.10 4.12 4.24 1.11
0.33 16.7 0.41 0.14 2.25 1.53 0.44
0.37 19.6 0.64 0.07 3.11 2.21 0.66

).
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Fig. 1. The temperature profiles of the reactors with 0.2 l air/min kg.

P. Bueno et al. / Bioresource Technology 99 (2008) 5069–5077 5071
iments, a central composite factor design for two factors
that enabled the construction of second-order polynomials
in the independent variables and the identification of statis-
tical significance in the variables was used (Montgomery,
1991; Aknazarova and Kafarov, 1982). With four indepen-
dent variables (moisture, aeration, particle size and time,),
26 experiments were enough to fit a second-order polyno-
mial model. The independent variables were normalized
to values from �1 to +1 using Eq. (1) to facilitate direct
comparison of the coefficients of the resulting polynomial
equation and an understanding of the effects of the individ-
ual independent variables on the dependent variables
considered.

X n ¼
X � �X

ðX max � X minÞ=2
ð1Þ

where X is the absolute value of the independent variable
concerned, �X is the average value of the variable and Xmax

and Xmin are its maximum and minimum value,
respectively.

The central combination for the experimental design
(0,0,0,0) was as follows: M = 55%, A = 0.4 l air/(kg min),
PZ = 3 cm and t = 55 days. The results were subjected to
multiple linear regressions as implemented in SAS system
package.

Experimental data were fitted to the following second-
order polynomial equation:

Z ¼ a0 þ
X4

i¼1

biX ni þ
X4

i¼1

ciX 2
ni þ

X4

i¼1;j¼1

dijX niX njði < jÞ ð2Þ

where Z is the response or dependent variable [time (t),
moisture (M), aeration (A) and particle size (PZ)]; Xn is
the normalized value of the independent variable con-
cerned; and a0, bi, ci and dij are unknown characteristic
constants estimated from the experimental data.

The independent variables used in the equations relating
to both types of variable were those having a statistically
significant coefficient (viz. those not exceeding a signifi-
cance level of 0.05 in Student’s t-test and having a 95% con-
fidence interval excluding zero).

2.3. Analytical methods

Samples were collected at four randomised points. Subs-
amples were dried (60 �C) and ground (0–25 mm). Mois-
ture was determined by drying a 105 �C to constant
weight. The mixtures were analyzed for the following
parameters: pH (1:5 w/v) using a pH electrode, total
organic matter (OM) by loss on ignition (550 �C for 5 h)
(Allison, 1965), total P, K, calcium (Ca), magnesium
(Mg) and macro and micro elements were obtained by
inductively coupled plasma (ICP) spectrometry following
nitric/hydrochloric acid digestion (Barnhisel and Bertsch,
1982). Kjeldahl-N (Bremnen, 1996) and NHþ4 -N using the
KCl and NO�3 -N using the H2O extraction methods (Mul-
vaney, 1996). The Kjeldahl-N losses during the process
have been calculated from the initial content of N-Kjel-
dahl, and the evolution of the organic matter, assuming
the mineral amount in each mixture is constant, according
to the equation of Bernal et al. (1997) (Eq. (3)). Losses of
Kjeldahl-N were calculated from the initial (X1) and final
(X2) ash content (Table 1).

NLoss ¼ 100� 100
X 1N 2

X 2N 1

ð3Þ

Here N1 and N2 are the initial and final N-Kjeldahl
concentrations.

3. Results and discussion

3.1. Temperature profiles

The temperature profiles of the reactors with the same
conditions except aeration rate are presented in Figs. 1
(0.2 l air/min kg), 2 (0.4 l air/min kg) and 3 (0.6 l air/
min kg). As usually, the temperature of the composting
reactors began to rise soon after the establishment of com-
posting conditions. For all reactors, as expected, the tem-
perature increased relatively rapidly and the three typical
phases of composting were observed during the process
(Haug, 1993): (i) a short initial mesophilic phase
(T < 40 �C) during approx. 2 days for all reactors, (ii) a
thermophilic phase lasting two weeks, which the tempera-
ture increased and (iii) a mesophilic and maturation phase
after 25–30 days. Shortly thereafter the temperature
decreased rather gradually and the mesophilic stage devel-
oped, at 50 days of composting, compost temperature
equalled that of the ambient. No changes of temperatures
were observed after turning during this phase, indicating
a stabilisation of the compost.

The highest temperature obtained for R10 (Fig. 1), R9
(Fig. 2) and R6 (Fig. 3) were 58 and 57 and 53 �C, respec-
tively. The temperature profiles of reactors in Fig. 1 are, in
general, higher than those found for Figs. 2 and 3. This fact
could be due to the significant effect of the aeration level on
heat lost. The largely depend of composting temperatures
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Fig. 2. The temperature profiles of the reactors with 0.4 l air/ min kg.
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Fig. 3. The temperature profiles of the reactors with 0.6 l air/ min kg.
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and the heat lost were studied by Richard (1992). For that
reason, a cooler effect under a higher aeration level has
been found.
3.2. Composting efficiency

To gather information on the quality and agronomic
value of the obtained end-product analyses on the nutrient
content were performed (Table 1). Results revealed high
amounts of macronutrients, particularly nitrogen, K and
P. Adequate C/N and C/P (10) values for final compost
were found in all reactors. The low concentration of heavy
metals found (data not shown) confirms the safety of the
original materials. The quality of the composts obtained
in this study can be considered comparable to the quality
of other composts reported in the literature (Bertoldi De
et al., 1985; Zucconi and De Bertoldi, 1987; Ayers, 1997).

Table 2, shows the normalized values of independent
variables and properties of the products obtained in the
incubation process, using the proposed experimental
designs. Each value in experimental results is an average
of three samples. The deviations for these parameters from
their respective means were all less than 5–10%.

Substituting the values of the independent variables for
each dependent variable in Table 2 and applying a multiple
linear regression analysis for each one of the dependent
variables of that table as a function of the independent
variables, the polynomials mathematical models are
obtained (Table 3). These equations can be used to estimate
the variation of dependent variables with changes in the
independent variables over the ranges considered, on the
constancy of the other two variables. Only the terms with
statistically significant coefficients are shown according to
the proposed methodology.

Identifying the independent variables with the strongest
and weakest influence on the dependent variables in equa-
tions is not so easy since the former contain quadratic
terms and the others involve interactions between two inde-
pendent variables.

Fig. 4 shows a plot of each dependent variable against
each independent one constructed by changing all the inde-
pendent variables between the normalized values from �1
to +1. At a given value of an independent variable, the
magnitude of the difference between the maximum and
minimum values of the dependent variable is related to
the influence of the independent variables other than that
plotted on the variation of the dependent variable con-
cerned. Thus, if an independent variable plotted had and
absolute effect on the dependent variable considered (the
independent variables different from those plotted had no
effect on the dependent variable considered), then the dif-
ference between the maximum and minimum values of
the dependent variable in question would be zero (a point
in the graphs of Fig. 4). Also, if the independent variable
plotted had no effect), then the previous difference would
coincide with the height of the rectangle having the range
of values of the independent variable plotted, [(Xni)max –
(Xni)min], and the maximum possible difference between
the maximum and minimum values of the dependent vari-
able considered, {Z(Xni)max]max – Z[(Xni)min]min}, as its
bases.

Because the influence of the other variables on the
dependent variable considered can vary with each value
of the independent variable plotted, the average change
in the dependent variable will be given by:

R ðX niÞmax

ðX niÞmin
½ZðX niÞmax � ZðX niÞmin�dX ni

½ðX niÞmax � ðX niÞmin�
ð4Þ

The change in the dependent variable with that of the inde-
pendent variable plotted can be assimilated to the differ-
ence between [Z(Xni)max]max – Z[(Xni)min]min and the
previous expression.

DZi ¼ f½ZðX niÞmax�max � ½ZðX niÞmin�ming

�
R ðX niÞmax

ðX niÞmin
½ZðX niÞmax � ZðX niÞmin�dX ni

½ðX niÞmax � ðX niÞmin�
ð5Þ



Table 2
Chemical characterisationa of the selected points following the experimental design

tb days Ac lair/min kg Md% Pe cm OM (%) N (%) C/N N- Losses (%)

10 (�1) 0.2 (�1) 70 (1) 1 (�1) 92.7 2.54 20.2 24.58
78 (1) 0.6 (1) 70 (1) 1 (�1) 87.5 3.85 12.6 1.04
34 (0) 0.4 (0) 70 (1) 3 (0) 89.5 2.31 21.4 7.80
10 (�1) 0.6 (1) 70 (1) 5 (1) 90.4 2.60 19.3 29.57
78 (1) 0.2 (�1) 70 (1) 5 (1) 87.3 2.79 17.3 32.88
34 (0) 0.6 (1) 55 (0) 3 (0) 91.6 2.57 18.2 9.09
34 (0) 0.4 (0) 55 (0) 3 (0) 84.9 3.14 14.9 40.01
34 (0) 0.4 (0) 55 (0) 5 (1) 91.3 2.52 20.1 16.56
34 (0) 0.4 (0) 55 (0) 1 (�1) 91.8 2.84 17.9 �10.54
34 (0) 0.2 (�1) 55 (0) 3 (0) 90.9 2.48 20.3 11.51
78 (1) 0.2 (�1) 40 (�1) 1 (�1) 91.6 2.79 18.2 �39.32
78 (1) 0.6 (1) 40 (�1) 1 (�1) 91.0 3.29 15.3 �60.26
34 (0) 0.4 (0) 55 (0) 3 (0) 85.1 3.16 13.4 8.71
10 (�1) 0.4 (0) 55 (0) 3 (0) 90.9 2.77 18.1 9.78
78 (1) 0.4 (0) 55 (0) 3 (0) 84.1 2.91 16.0 37.06
34 (0) 0.4 (0) 40 (�1) 3 (0) 90.0 3.11 16.0 �41.02
78 (1) 0.2 (�1) 70 (1) 1 (�1) 90.3 2.56 19.5 34.11
10 (�1) 0.6 (1) 70 (1) 1 (�1) 90.6 3.30 15.2 4.63
78 (1) 0.6 (1) 70 (1) 5 (1) 88.1 2.90 16.5 21.02
10 (�1) 0.2 (�1) 70 (1) 5 (1) 91.7 2.43 20.8 22.95
10 (�1) 0.2 (�1) 40 (�1) 1 (�1) 92.5 2.65 19.3 �24.31
10 (�1) 0.6 (1) 40 (�1) 1 (�1) 91.8 2.58 19.7 �54.32
78 (1) 0.6 (1) 40 (�1) 5 (1) 86.8 2.88 16.7 36.95
10 (�1) 0.6 (1) 40 (�1) 5 (1) 92.0 2.63 19.4 36.60
10 (�1) 0.2 (�1) 40 (�1) 5 (1) 91.2 2.50 20.2 �9.75
78 (1) 0.2 (�1) 40 (�1) 5 (1) 90.0 2.99 16.7 �10.01

a Where each value is the average of three samples, dry weight basis.
b t (time. The values between parentheses correspond to the normalized values used in the equations).
c A (aeration).
d M (moisture).
e P (particle size).
f EC: Electrical conductivity.
g OM: Organic matter.
h N: Kjeldahl-N.

Table 3
Equations yielded for each dependent variable

No. Equation r2 F df

6 OM = 89.46021�2.33364 t + 1.2659 M + 0.63761 P + 1.8182 t2�2.96218M2 + 1.9058P2 �0.32859AM + 0.6344AP
�0.43019MP

0.87 35.77 5.2

7 CN = 18.03 � 1.18 A � 1.15 t + 0.81 A P + 0.59 P � 0.56 t M�1.31 t2 + 1.17 A2 0.83 12.88 7.18
8 KN = 2.81 + 0.15 t + 0.18 A � 0.13 P + 0.10 AM � 0.15 t P 0.74 11.32 5.2
9 NL = 9.0815 + 19.1156M + 16.7333P + 24.774t2 �30.372M2 + 12.009AP �11.872MP 0.90 45.18 7.18

Where OM the organic matter content (%), CN the C/N ratio, KN denotes the Kjeldahl-N content (%) and NL the nitrogen losses (%). t, A, M, P denotes
the normalized value of the operation time, aeration, moisture and particle size, respectively.
The differences between the experimental values and those estimated by using the previous equations never exceeded 10% of the former.
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Fig. 4 also shows the DZi percentages. These values allow
one to weigh the relative influences, as percentages, of each
independent variable on the variation of each dependent
variable.

To determine the values of the independent variables
giving the optimum organic matter, Kjeldahl-N, C/N and
N-losses evolution, the response surfaces for each depen-
dent variable were plotted three levels of the independent
variable most strongly (Figs. 5–7), for Kjeldahl-N evolu-
tion figure is not shown.

As can be seen in Fig. 4, with the exception of the time,
the moisture content is the variable most strongly influenc-
ing the organic matter and N-losses evolution, whereas the
aeration is that having the strongest effect on Kjeldahl-N
and C/N evolution. The particle size has a great influence
on the organic matter C/N and N-losses evolution. On
the other hand, no independent variable has the strongest
influence on the evolution of composting process.

3.3. Organic matter and C/N evolution

As can be seen from Fig. 5 and Eq. (6), the organic con-
tent was less influenced by the aeration than by the mois-
ture and particle size. That is to say, low increments on



Independent 
variables  

Time 
(-1, 1) 

Aeration 
(-1, 1) 

Moisture  
(-1, 1) 

Particle size 
(-1, 1) 

Dependent 
variables 

Organic matter 
(%) 

(84.9-95.0) 
31.1% 3.2% 25.5% 10.4% 

Kjeldahl-N 
(%) 

(2.37-3.26) 
17.5% 16.9% 5.2% 6.6% 

C/N ratio 
(13.5-21.2) 

31.2% 27.8% 3.4% 12.9% 

N-losses 
(%) 

(68.7- -56.63) 

7.9% 6.8% 36.7% 21.1% 

Fig. 4. Variation of dependent variables as a function of normalized independent variables.

Fig. 5. Organic matter losses variation as a function of operation time and
particle size.
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organic matter content were found among high and low
aeration levels. This fact could be related with the oxygen
available for the microorganisms under variably sized
matrix (Hamelers, 2004).

As usual, a high negative statistical influence has been
found in time (Whang and Meenaghan, 1980). Similar evo-
lution has been found for 55% and 70% moisture content
with respect 40% moisture content. Particle size has both
positive and negative effects in the studied range. In that
form, the lower values for organic mater (maximum degra-
dation have been found for medium-to-low particle size (1–
3 cm, 0 to �1 in the normalized value). The composting
efficiency have been related to the effect of free air space
(proportional to particle size) (El Kader et al., 2007) and
an optimal free air space could be found at this particle
size. Fig. 5 shows the lowest values organic matter content
(OM = 82.3%) obtained at intermediate-to-low value of
the particle size, 40% for moisture content and long com-
posting time. The higher values (low degradation) at long
composting time (OM = 91.8%) were yielded at high parti-
cle size and 55% moisture content.

The organic matter losses found are similar to them
found by other authors in similar agricultural residues
(Nogueira et al., 1999; Nakasaki and Ohtaki, 2002; Grigat-
ti et al., 2004.,).

Fig. 6 shows the C/N ratio evolution, as function of time
and particle size at the three aeration levels. The C/N ratio
of the initial mixtures (19.6) is slightly lower than the opti-
mum C/N ratio of the initial mixtures is between 25 and 35
(Haug, 1993; Choi, 1999). The C/N ratio evolution was less
markedly influenced by the particle size than by the aera-
tion level. Also, this figure reveals that at high particle size
similar evolution on C/N was found. As can be seen in
Fig. 6, using high aeration level, a decrease on C/N ratio
values have been found. Subsequently, to obtain lower
C/N ratio, medium-to-high aeration levels could be used.



Fig. 6. C/N variation as a function of operation time and particle size.

Fig. 7. Kjeldahl-N losses variation as a function of operation time and
particle size.
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That decrease is higher for low particle size and, naturally,
higher composting time. The C/N ratio of finished compost
typically close to 10–15 (Poincelot, 1974; Dı́az et al., 2002).
3.4. Nitrogen and N-losses evolution

The Kjeldahl-N content evolution was thus much more
sensitive to changes in the aeration and time than in the
others independent variables. A similar behaviour was
found by Szanto et al. (2007) in straw-rich pig manure
composting. A positive influence (better nitrogen content
in composts) of almost all the dependent variables, with
except particle size, has been found (Eq. (8)). And then,
to produce composts with high nitrogen content (>3%), it
is advisable to use a high aeration level and long time
and a low particle size.

Eq. (9) can be used to estimate the variation of the N-
losses in the independent variables over the ranges consid-
ered, in that form, the main parameter on variation is mois-
ture. Particle size has a positive effect on N-losses, using
high particle size, high contents of nitrogen could be losses.
El Kader et al. (2007) found an empirical relationship
between free air space (related with te particle size) and
the ammonium emissions. This fact could explain the higher
nitrogen losses under high particle size. Therefore, to
improve nitrogen contents in final composts, medium-to-
low particle size could be used. For analogous reasons to
that found for organic matter evolution, from Fig. 6, which
show the variation of N-losses as a function of time and par-
ticle size at the three moisture levels studied. In that figure a
similar evolution on N-losses for 55% and 70% of moisture
content with respect to 40% have been found among the



5076 P. Bueno et al. / Bioresource Technology 99 (2008) 5069–5077
different particle size used (Fig. 7). Under those conditions a
positive N-losses are found. Lower N-losses have been
found at intermediate time (mesophilic phase) with respect
to initial and final composting time. The minimum N-losses
(-70%) was obtained at medium values of composting time
(55 days) and low values of particle size (1 cm) and moisture
content (40%). An increment on total-N could be obtained
at high values of moisture and medium values of aeration.
On the other hand, the operation time accuses a negative
influence on the N-losses variation, thereby, ensuring a
low N-losses (>�40%) using lower values of the composting
variables (particle size and moisture) and medium compost-
ing time, lower N-losses could be obtained. This fact could
be due to the higher degradation experimented by the
organic matter with respect to the nitrogen losses. There-
fore, it gives rise to a higher nitrogen concentration in final
with respects to initial composts.

The Kjeldahl-N losses found are similar to them found
by other authors in similar agroindustrial residues (Mahi-
mairaja et al., 1994; Tiquia and Tam, 2000).

In all cases, the content of NHþ4 -N in the final products
(Table 1) was lower than the value advised for matures
compost (40 mg/kg) (Zucconi et al., 1985; Mathur et al.,
1993).

4. Conclusions

The results of experiments indicated that the composting
process of leucaenas trimming residues is technically feasi-
ble in in-vessel systems and could be considered as an eco-
logical way to recycle these wastes from soil restoration.

The chemical values found for the products obtained
from leucaenas trimming residues are similar (same magni-
tude order) to other agricultural residues.

Results of the experiment showed that compost with
acceptably chemical properties (OM 85%, Kjeldahl -N
3.2%), high degradation and no N-losses entails operating
at high operation time (78 days) and low particle size
(1 cm) and moisture content (40%) and medium aeration
level (0.4 l air/min kg).
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