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Animal by-products (ABP), containing mainly rabbit and chicken carcasses were composted at laboratory
scale. Results indicate that if proper conditions are used, wastes can be successfully composted and sta-
bilised meeting current European hygienisation standards regarding the disposal of this type of wastes.
During the process, temperatures above 60 °C were easily reached and maintained for 2 days at least, due
to the high energy potential of these materials. However, care must be taken to ensure that these tem-
peratures are reached in the entire reactor to guarantee proper hygienisation of the material. These high
temperatures may bring about operational problems such as moisture losses due to very high airflows
required for their control. Biological activity indices, such as respiration index (RI) and oxygen uptake rate
(OUR) used for the monitoring of the process, were able to indicate potential and actual conditions within
the composting reactor, respectively.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

In Spain, animal wastes have been traditionally disposed of by
incineration or landfilling, little sustainable alternatives since they
only allow for a low recovery of resources.

In the Regulation 1774/2002 of the European Parliament and of
the Council of 3 October 2002, the European health rules concern-
ing animal by-products not intended for human consumption were
laid down [1]. According to this regulation, animal by-products
(ABP) are defined as entire bodies or part of animals or products
of animal origin not intended for human consumption. This reg-
ulation classifies ABP into three different categories ranging from
category 1 that includes ABP presenting a transmissible spongi-
form encephalopathy (TSE) risk or an unknown risk or arisk related
to treatment with illegal substances or to environmental contami-
nants, to category 3 that includes ABP derived from healthy animals.
Category 3 wastes, considered as low-risk materials, comprise: part
of slaughtered animals, fit or unfit for human consumption but
with no signs of diseases communicable to humans such as hides
and skins, hooves and horns, pig bristles, feathers, blood, raw milk,
shells, hatchery by-products, cracked egg by-products, etc. Cate-
gory 3 material is the largest ABP produced by far.
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Regulation 1774/2002 also establishes the type of disposal or
process that ABP can undergo. In the case of category 3 materials,
composting is one of the processes of choice.

Composting is a biotechnological process by which different
microbial communities convert organic wastes into a stabilised
form. During the process, thermophilic temperatures arise because
of the heat released due to biological activity. These temperatures
are responsible for pathogen inactivation. Composting is an aerobic
process that requires oxygen, optimal moisture and enough free air
space (FAS) and C/N ratio within certain limits [2]. Temperature is
routinely chosen as the control variable because it is an indicator of
the biological activity of the material. Oxygen and moisture content
are also common control variables in the composting process.

According to the European legislation, the use of composting
for the treatment of category 3 ABP must meet the requirements
shown in Table 1 to ensure the proper handling of the material. As
it can be seen, the monitoring of the processing conditions is an
important feature included in these requirements.

Although European legislation establishes that composting can
be used for the treatment of category 3 ABP and different literature
reviews on the subject state the suitability of the process [3,4], so far
very few works describing its actual use for this purpose are found
[5-7]. Most of the published work refers to the use of composting
for the treatment of animal manure [8-11].

On this basis, the objective of this work has been the study of
the composting of animal solid wastes. Due to the complexity of
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Table 1
Main legal requirements for the composting of category 3 animal by-products (ABP)
according to the European Legislation

Requirements

Installations for monitoring temperature against time
Recording devices to record the results of these
measurements

An adequate safety system to prevent insufficient heating
Adequate facilities for cleaning and disinfecting vehicles
and containers transporting untreated animal by-products
Maximum particle size entering the composting reactor:
12 mm

Minimum temperature in all materials in the reactor: 70°C
Minimum time in the reactor at 70°C: 60 min

Salmonella: absence in 25 g

Enterobactericeae: 300in1g

Premises

Processing
Standards

Product (compost)

the material and the legal restrictions that apply to its treatment,
different control strategies were used with the aim of finding the
most suitable to meet the legal requirements and avoid operational
problems such as odour emissions. During the process, different
parameters were followed to investigate the development of the
process.

2. Materials and methods

2.1. Composting materials

ABP from different small abattoirs and farms, managed at the
composting plant located in Jorba (Barcelona, Spain) were used
in this study. These wastes consisted mainly of poultry and rabbit
entrails, carcasses and feathers.

A mixture of wood chips and yard waste was used as bulking
agent. ABP and bulking agent were blended in a 1:2 volumetric
ratio. Mixtures were prepared at the composting plant.

2.2. Composter

Two similar 100-L static composters were used for these studies.
A schematic diagram is shown in Fig. 1. Each reactor had four Pt-100
sensors (Desin mod. SR-NOH) evenly distributed for the monitoring
of the temperature throughout the process. O, and CO, concentra-
tions in interstitial air were monitored with an O, sensor (Sensox,
Sensotran Spain) and an infrared detector (Sensotran L.R., Sensotran
Spain), respectively. Ammonia emissions were measured on-line
using an electrochemical gas sensor (Bionics Instruments Co. mod.
TX-FN, Japan). O, CO, and NH3 concentrations were measured in
the air out flow of the composter. All sensors were connected to an
in-house data acquisition system. Oxygen was controlled by means
of a feedback oxygen control system that automatically supplied
fresh air to the reactor when required. Air inlet was located at the
bottom left of the reactor. Composter was placed on a scale (BACSA
mod. 1200) for on-line weight monitoring.

Air
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# collection
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Fig. 1. Schematic diagram of the composter rig used for this work.

2.3. Static respiration indices (RI) estimation

Static respiration indices of composting samples were obtained
off-line at process temperature at sampling (RIt) and at the
fixed temperature value of 37°C (RI37), according to the method
described by Barrena et al. [12]. RI3; are commonly used to deter-
mine the degree of stability of a compost sample while Rl indicate
the potential biological activity of the material. It is also generally
considered that RI values below 1.0 mg O, gOM~! h~1 (referred to
organic matter) correspond to stable material [13].

2.4. Oxygen uptake rate (OUR) and respiration quotient (RQ)
estimation

Oxygen uptake rate (OUR) also referred as dynamic respiration
index in the composting field and respiratory quotient (RQ) are
customarily used for the on-line determination of the biological
activity in aerobic process. OUR expressed as the amount of oxy-
gen consumed per unit organic matter content of the sample per
hour (mg 0, gOM~1h~1), was estimated according to the method
described by Gea et al. [14].

Respiration quotient was determined on-line from the O, and
CO, concentrations according to the expression:

%CO2 out — %COZ in

RQ = [ )
AOZ in — AO2 out

(1)
where %CO, and %0, are the respective measured percentage vol-
ume concentrations and subscript “in” and “out” correspond to the
inlet and outlet concentrations. CO,;, was assumed as negligible
and O, j, as 20.9%.

2.5. Analytical methods

Moisture, dry matter (DM), organic matter (OM), N-Kjeldahl, pH,
fat content and conductivity were determined according to stan-
dard procedures [15]. Carbon content was estimated according to
the method described by Adams et al. [16].

Free air space was estimated using an air picnometer built
according to Oppenheimer et al. [17] and Agnew et al. [18].

Microbiological analyses were performed by an external labo-
ratory using standard methods. Representative samples collected
in sterile containers were used. Sampling procedure is explained
latter.

2.6. Composting experiments

Different control strategies were assayed in order to find out
the most suitable for the composting of ABP. In a first experiment
(experiment 1), the typical control strategy used in most compost-
ing plants was tested. In this scheme, the O, concentration in the
reactor was set between 10 and 14% to ensure aerobic conditions,
no temperature control was used. In a second experiment (exper-
iment 2), temperature and O, concentration were controlled by
regulating the airflow inlet to maintain the O, concentration inside
the reactor between 10 and 14% and the temperature below 55°C
after an initial high-temperature hygienisation period, where tem-
peratures were allowed to reach above 70°C. Temperature control
was considered as the prior control. Experiments 1 and 2 were
performed using freshly collected wastes coming from different
batches. Experiments 3 and 4 were carried out in parallel using the
same initial material to avoid the variability of these wastes and, in
conditions resembling experiments 1 and 2, respectively. Air sup-
ply for experiments 3 and 4 was improved changing the air inlet
to the reactor from a single air entrance to a multiple distribution
system using perforated tubing.
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Water content of the composting mixture was adjusted based
on the results of the squeeze test, which was carried out every time
a sample was taken. This assay is an empirical test routinely used in
composting plants to determine the moisture of composting mate-
rial along the process [15]. If the test indicated that humidity was
low, water was sprayed all over the material and mixed thoroughly;
the test was then repeated to verify that the moisture was within
the desired levels. If it was not the case, the whole procedure was
repeated until the right moisture was reached.

2.7. Sampling method

Sampling procedure was as follows: first, composter was opened
and its contents mixed with a rake; then, several samples of about
the same size were collected from different parts and different
depths until a 1-L beaker was filled with sample. The whole proce-
dure was performed as quickly as possible to minimise disturbances
to the system.

3. Results and discussion
3.1. Composition of ABP

Table 2 shows the composition of the ABP used in this study.
Freshly collected wastes were used for each experiment. It can be
observed that their composition was quite different as they corre-
sponded to different batches in the composting plant. As expected,
they all have high organic matter and nitrogen contents. Small
variations in these parameters were observed resulting in small dif-
ferences in the initial C/N ratios. Nevertheless, all C/N ratios were
very low. Fat contents had the highest differences. FAS determined
for experiment 1 is also shown in Table 2, its value (54%) indicated
that this mixture was suitable for their potential treatment at indus-
trial scale. FAS was not calculated for the other experiments since
it was assumed that little changes would be expected.

3.2. Experiment 1: O, control

Fig. 2 shows the process evolution when an O, control strat-
egy was applied. Temperature measurements at different points
inside the reactor are displayed. It can be seen that these profiles
followed a typical composting pattern. Initially, there was a sharp
temperature increase up to 70°C. This temperature was reached
in practically all the reactor, and kept for more than 1 h. However,
in the section closer to the air entrance (T bottom left) maximum
temperature reached was 68 °C. Temperatures in the entire reactor
were maintained above 60 °C for about 10 days then they started to
drop off to the mesophilic range.

Table 2
Initial characteristics of the ABP used in this study

Characteristics Experiment 1 Experiment2 Experiments 3 and 4

Moisture (%) 41.63 49.31 46.76
Organic matter (%)? 62.08 67.73 72.92
pH 8.59 8.35 7.67
Electrical conductivity 5.63 4.70 6.23
(mScm™')

N-Kjeldahl (%)? 4.18 5.04 7.33
N-Kjeldahl (kg) 0.93 0.80 1.03
C/N 8.25 7.47 5.53
NH4* (%)? 0.54 0.81 0.88
FAS (%) 54.20

Fat (%)? 7.16 17.68 1.8
Rl3; (mg0O, g 'OMh1) 2.42 4.87 6.51

2 Expressed on dry weight basis.
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Fig. 2. Experiment 1: composting of ABP using an oxygen control strategy. (A) Tem-
perature profile in different reactor sections, moisture content and airflow inlet. (B)
03 and CO, concentration and respiratory quotient (RQ). (C) Temperature at the
centre of the reactor, respiration index at sampling temperature (RIt) and oxygen
uptake rate (OUR).

Microbiological analyses were performed to samples at differ-
ent stages of the process to verify if the material had actually been
sanitised. Results indicated that initially the material contained
Enterobactericeae (1.1 x 108 cfu/g) but no Salmonella (absence in
25¢), and after 10 days of process none of them were detected.
However, at the end of the process both Enterobactericeae and
Salmonella were detected in amounts slightly over the legal limit
(5 x 102 cfu/g, and presence in 25 g, respectively). The cause of the
inconsistency of these results may be diverse. Absence of Salmonella
at the beginning of the process is more likely to be an indication
of the lack of representativeness of the sample used for the assay
rather than its actual absence. Non-representative samples are a
common problem faced when working with meat products and
wastes because of the heterogeneity of the material [19]. Besides,
Salmonella is usually present in materials such as ABP [20]. More-
over, the absence of Salmonella and Enterobactericeae after 10 days
of process may suggest that the high temperatures reached during
this period resulted in a correct hygienisation of the material. How-
ever, the occurrence of both types of microorganisms at the end of
the process contradicted those results. The lack of representative-
ness of samples may also explain this inconsistency. In the case of
Enterobactericeae, survival might be due either to external contam-
ination during the handling of the material throughout the process
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Table 3
Initial and final characteristics of the composted material when oxygen concentra-
tion in the reactor was controlled (experiment 1)

Characteristics Initial Final
Moisture (%) 41.63 49.40
Organic matter (%)? 62.08 58.56
pH 8.59 8.63
Electrical conductivity (mScm~1) 5.63 5.05
N-Kjeldahl (%)? 4.18 438
N-Kjeldahl (kg) 0.93 0.73
C/N 8.25 7.42
NH4* (%)? 0.54 0.62
FAS (%) 54.20 62.48
Fat (%)? 7.16 2.49
Rl3; (mgO, g ' OMh1) 2.42 1.75

2 Expressed on dry weight basis.

or by cross-contamination with material that could not be properly
sanitised (section closer to the air inlet or to the reactor walls) with
lower maximum temperatures or a combination of both. Besides,
the existence of thermotolerant strains of Bactericeae have also
been reported [21]. Nevertheless, the suitability of using them as
a parameter to determine the efficiency of hygienisation is ques-
tionable since although they are usually associated with intestinal
infections, they can be found in almost all natural habitats. In the
case of Salmonella, the most probable cause of its survival might be
the existence of areas within the reactor where temperature never
reached a thermophilic stage such as those closer to the surface.
Besides, it has been reported [22] that non-stable material can be
easily re-contaminated by Salmonella.

Fig. 2B shows the profiles of the O, and CO, content of the exit
gas, and of the RQ all through the process. As it can be seen, RQ
values did not show big variations and corresponded to an aerobic
process (RQ<1) for the most part of the process except the first
day where RQ~ 1. This suggests that during this period biological
activity and hence oxygen demand within the reactor was so high
that oxygen supply was barely enough to fulfil this requirement.

Fig. 2C shows the OUR and Rl evolution using as a reference
the temperature profile in the centre of the reactor. As observed,
RIt values (indicative of the potential biological activity) were sig-
nificantly higher than OUR values (indicative of the actual activity
inside the reactor). This suggested that, although microbial activity
in the reactor was high, it was not optimal, as OUR values should
be closer to Rl if this were the case. High temperature was one of
the factors that could be affecting activity as evidenced in Fig. 2C,
where it can be seen that at day 5 temperature suddenly felt down.
As aresult, an increase in activity represented by an increase in Rl
and OUR values was observed.

Characteristics of the starting and end materials are shown in
Table 3. As it can be seen, organic matter and fat content decreased
during the process, thus indicating that they had been degraded.
However, final Rl37 indicated that biological activity at the end of
the process was still considerable, thus suggesting that further pro-
cessing was still needed to reach an appropriate stability. Nitrogen
content of the final material was high, although 20% losses were
estimated. Losses were calculated from the difference between
nitrogen content from the initial and end materials. These values
are similar to those reported by Beck-Friis et al. [23] when com-
posting the organic fraction of municipal wastes (24-33%) at lab
scale, and lower than those estimated by Eklin and Kirchmann [24]
when composting the same material at industrial scale (50-70%).
Ammonia emissions were 500-800 mg NH; m~3 during the ther-
mophilic stage. These values may be considered as high but they
are related to the high nitrogen content of the initial material. N-
NH4* content was high, as expected for a material with an elevated
organic nitrogen content.

Final characteristics of the material, and information provided
by the OUR and Rt suggested that conditions used in this exper-
iment were not the most favourable for the development of the
composting process. In consequence, a second experiment was
designed to improve the process conditions by means of preventing
temperatures reaching very high values since in this experiment it
was observed that they negatively influence microbial activity.

3.3. Experiment 2: temperature and oxygen control

Fig. 3 shows the process evolution when a strategy combining
temperature and oxygen control was used. Temperature profiles
(Fig. 3A) show a first stage where temperature increased above
60°C with a short interval at 70°C to meet the legal hygienic
requirements [1]. Afterwards, it was possible to maintain temper-
atures below 55 °C but very high airflows were needed. These high
airflows (values above 10 Lmin~! and occasionally up to 30 Lmin—!
were required, compared to the 1L min~! used in experiment 1),
together with the air distribution system of the reactor, triggered
significant temperature gradients within the reactor. They were
also the cause that temperature never reached the thermophilic
range in the sections surrounding the air entrance (control was
based on the temperature value at the centre of the reactor). As
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Fig. 3. Experiment 2: composting of ABP using a temperature control strategy. (A)
Temperature profile in different reactor sections, moisture content and airflow inlet.
(B) 02 and CO;, concentration and respiratory quotient. (C) Temperature at the centre
of the reactor, respiration index at sampling temperature (RIt) and oxygen uptake
rate.
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suggested by results from experiment 1, high airflows required for
temperature control result from the high energetic potential of the
ABP. Atindustrial scale, negative effects resulting from the high flow
rates such as moisture losses may be alleviated by recirculating the
hot air leaving the reactor.

Microbiological assays were not performed for experiment 2
because no thermophilic temperatures were reached in different
sections of the reactor.

Fig. 3B shows the O,, CO, and RQ profiles along the process.
It can be observed that the high airflow rates required during the
first day resulted in high O, levels within the reactor (around 20%).
In consequence, differences between inlet and outlet O, concen-
trations were negligible and therefore, very difficult to detect and
thus, RQ values were very low and more important, O, uptake could
not be accurately determined which might affect OUR calculations.
After the initial stage, O, concentration was maintained between
12 and 14% for the most part of the process until the final stage
where it increased again, as usually occurs when the composting
process has finished. Big O, oscillations observed in Fig. 3B were
due to the entry of air required to maintain the temperature below
55°C.

Fig. 3C shows the profiles of the temperature at the centre of
the reactor and of the biological activity represented by Rly and
OUR. As in the first experiment, important differences are observed
between RIt and OUR. Besides, OUR values were higher than in
experiment 1, which may indicate that process was taking place
in better conditions. Higher potential biological activity (RIt) is
observed when process temperature was around 55 °C. It decreased
along the process and was similar to the actual activity at around
the 10th day of process.

Table 4 shows the characteristics of the material at the beginning
and at the end of the process. It can be observed that an impor-
tant reduction in the organic matter content especially in the fat
content took place. It is also observed that nitrogen losses were
around 16% although the final nitrogen percentage was high. Final
Rl3; was 1.39mg 0, g~ OM h~1, which indicates that an important
reduction in the biological activity happened during the process.

When results from experiments 1 and 2 are compared, it is
evident that best performance was obtained with the latter. A
more stable product was obtained in approximately the same time
indicating that conditions were more suitable for development of
microbial activity. However, it is important to take into account
that the big temperature gradients developed in experiment 2 may
result in different stabilisation degrees inside the reactor. Besides,
it is also important to consider that the high airflows required for
the temperature control bring about higher water requirements to
maintain moisture within the optimal composting levels. Six litres
of water were added in experiment 1 while in the case of exper-
iment 2, 15L were used and even so, moisture levels were below
optimal at some points.

Table 4
Initial and final characteristics of the composted material when oxygen concentra-
tion in the reactor and temperature were controlled (experiment 2)

Characteristics Initial Final
Moisture (%) 49.31 47.40
Organic matter (%)? 67.73 59.68
pH 8.35 8.89
Electrical conductivity (mScm~1) 4.70 5.11
N-Kjeldahl (%)? 5.04 4.97
N-Kjeldahl (kg) 0.80 0.67
C/N 7.47 6.67
NH4* (%)? 0.81 0.65
Fat (%)! 17.68 4.10
Rl3; (mg0, g 'OMh1) 4.87 1.39

2 Expressed on dry weight basis.
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Fig. 4. Experiment 3: composting of ABP using an oxygen control strategy with
improved aeration system. (A) Temperature profile in different reactor sections,
moisture content and airflow inlet. (B) O, and CO, concentration and respiratory
quotient. (C) Temperature at the centre of the reactor, respiration index at sampling
temperature (Rlt) and oxygen uptake rate.

Another important difference between experiments 1 and 2 was
the initial fat content of the material, 7.16 and 17.68%, respectively.
Gea et al. [25] observed that fat degradation has an important role
in the preservation of high temperatures in the reactor with higher
fat contents resulting in longer processes. However, in this case a
more stable product was obtained in a shorter time from an initial
material with higher fat content indicating that the control strat-
egy used effectively improved the process despite the higher fat
content.

Nevertheless, differences in the characteristics of the initial
material made it difficult to compare both processes therefore it
was decided to repeat both experiments starting in parallel using
the same initial material. For these experiments, air distribution
systems were changed as explained before, to minimise the occur-
rence of temperature gradients inside the reactors.

3.3.1. Experiments 3 and 4

Results of the composting experiments 3 (O, control) and
4 (temperature and O, control) are shown in Figs. 4 and 5,
respectively. It can be observed that the change in air distribution
systems significantly improved the temperature gradients inside
the reactors.
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Fig. 4A shows the temperature profile corresponding to the
experiment with O, control (experiment 3). Results indicate that
temperatures were very high throughout the process, with values
above 60°C even after 20 days of process. O,, CO, and RQ profiles
are shown in Fig. 4B. It can be observed that RQ values tended to
decrease with time and were around 0.6 at the end of the process.
These results differ with the findings of other authors who indicate
that RQ generally tends to be stable [13,26]. Observed decrease may

Table 5

be indicative that biological activity was low and therefore, there
was still biodegradable material at the end of the process. Fig. 4C
shows the Rl and OUR estimated along the experiment. Evolu-
tion of these biological parameters was significantly different from
experiment 1. OUR profile suggests that the biological activity in
the reactor was very low throughout the process while Rl did not
appreciably change during the process. These results agree with
the RQ values estimated along the experiment. The most probable
cause of this low activity and degradability was the moisture con-
tent of the material. As observed in Fig. 4A, for most part of the
process moisture levels were very low with values even below the
optimal for microbial activity. Moisture levels between 40 and 60%
are recommended [2]. However, in this experiment it was between
25 and 35% during most of the time. It is worth mentioning that
approximately 6 L of water were added during the process, the same
volume as in experiment 1, but it was evident that they were not
enough to keep the appropriate moisture levels. High temperatures
and flow rates were the cause of the unsuitable moisture content
during this experiment. Besides, these results also evidenced that
the squeeze test cannot be used for the monitoring of the mois-
ture of ABP. Some authors [27,28] emphasize that moisture content
rather than temperature, is the most important parameter influ-
encing microbial activity in the composting process. Besides, it is
one of the key parameters for the correct sanitisation of the mate-
rial [22]. Results obtained in this experiment stress the importance
of monitoring and controlling moisture levels when working with
materials with very high thermal potential.

Results from experiment 4 where temperature and O, were con-
trolled are shown in Fig. 5. They indicate that OUR were higher
than in the former experiments suggesting a higher biological
activity. OUR values were in some cases above 4mg0, g~ OMh~!
reaching in some cases the Rly values. Highest Rl was around
10mg0, g~ OMh~1 a similar value to that of experiments 1 and
2. As process proceeded, a slight decrease in activity was observed
however, its value was still above 4mg0, g~! OMh~! after more
than 10 days of process. These values suggest that at that moment
microbial activity was still important as also reflected by the tem-
perature profile since it was above 45 °C after 20 days of process.

Table 5 shows the final characteristics of the products of exper-
iments 3 and 4. It can be observed that very little changes occurred
to the material used in experiment 3. In this case, a small decrease
in the fat content is observed with almost no weight reduction or
nitrogen losses. Stability indices also indicate that the material was
still unstable at the end of the process and confirm the information
given by the biological parameters along the process. NH4* con-
tent is higher that in the other experiments, which also indicates
the low stability of the material [2]. In the case of experiment 4, an
important fat and organic matter reduction took place compared to
experiment 3, which was corroborated by the final stability index
value (RI37) and the high biological activity throughout the process.

Characteristics of the initial and final material for experiments with oxygen control and, oxygen and temperature control and improved air distribution system

Characteristics Initial Oxygen control (experiment 3) Oxygen and temperature control (experiment 4)
Moisture (%) 46.76 26.12 33.38
Organic matter (%)* 72.92 70.88 60.73
pH 7.67 8.19 8.33
Electrical conductivity 6.23 5.00 4.24
(mScm™1)

N-Kjeldahl (%) 7.33 5.77 5.31
N-Kjeldahl (kg) 1.03 1.02 0.86
C/N 5.53 6.83 6.36
NHa. (%)? 0.88 0.71 0.45
Fat (%)? 11.8 9.58 2.92
Rl3; (mgO, g 'OMh1) 6.51 2.88 1.62

a Expressed on dry weight basis.
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Results indicate that although processes were not carried out
under optimal conditions, it is worth remarking the sensitivity and
usefulness of the biological activity indices. They were able to detect
the low degradability reached at the end of the process while tem-
perature profile corresponded to a typical composting process. Low
moisture levels within the reactor were also reflected in the big dif-
ferences found between RI; and OUR. The former are estimated at
optimal conditions while the latter represent the actual process
conditions.

4. Conclusions

Meat solid wastes can be successfully composted if the right
conditions are found. Temperatures above 70 °C, mandatory for the
sanitation of the material are easily reached however; care must
be taken to prevent big temperature gradients that may interfere
with the correct hygienisation of the material. Moreover, handling
of the materials plays an important role for pathogen control; con-
tact between starting and finished materials should be avoided and
tools used for handling should not be shared. On the contrary, the
high temperatures that can be reached and the high air require-
ments for its control may lead to problems with the moisture levels
of the material. A good control of the process is required to maintain
working conditions, temperature, aeration and moisture, within
optimal limits. A first stage in a self-contained reactor such as a
packed bed or covered piles may be required for the appropri-
ate processing of the material. Results also show the convenience
of using biological activity indices for the monitoring of the pro-
cess since they have proven to be suitable to represent the actual
conditions within the reactor.
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