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Abstract

The Region Chaouia-ouardigha produces
approximately 200.000 tons of chicken litter each
year. These wastes present environmental and
health risks because of their high content of
nitrogen and high density of pathogens.

The objective of this study is to evaluate the
effect of composting to stabilise and sanitise the
chicken litter.

After five months of composting, both
physicochemical and microbiological parameters
showed a significant change (at significance level
p<0.05) of final compost properties: a self heating
of the heap was sufficient to destroy or reduce
density of 7 types of pathogens: total aerobic
mesophilic Flora, fecal coliforms,
Enterobacteriaceae, Escherichia coli), reducing-
sulfite Anaerobic bacteria, Staphylococcus aureus,
and yeasts and molds. As for Salmonella, it was
absent in all the samples analyzed. Also, the final
compost recorded a Slight acidification to reach
neutral value; a decrease in content of nitrogen,
carbon and organic matter; an Increase of
electrical conductivity and nitrates content.
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composting,

1. Introduction

The region Chaouia-Ouardigha is located North
West of Morocco in an area of 16510 km® The
region is the first producer of poultry in Morocco.
Censuses for 2011 indicate the presence of 777
units producing broilers in area with a production
capacity of 9,7 millions broilers per breeding cycle
[1].

Approximately, 200.000 tons of chicken litter
was produced in 2011 in Chaouia-Ouardigha. This
waste can generate environmental negative
impacts, including

bad odours, pathogens dissemination, nitrate
leachate and groundwater-pollutant contamination
[2,3].

These environmental problems, due to the
spreading of poultry manure, are mitigated by
composting [4]. This technique is increasingly
considered a good way for recycling the manure as
a stabilized and sanitized fertilizer for agriculture
[5]. Thus, it permits to avoid a negative impact on
the environment caused by these wastes.

The intensity and concentrated activity of the
poultry livestock generate vast amounts of
biodegradable wastes, which must be managed
under appropriate disposal practices to avoid a
negative impact on the environment such as odour,
gaseous emissions, soils and water pollution [5,6].

Composting in heap gives several advantages:
the compost is produced at a low cost, brings
positive effects on the physicochemical and
biological properties of soil application [7].
Therefore, it is important to assess the composting
process using physicochemical and biological
parameters.

The aim of this study is to assess the effect of
composting in heap on the chemical and
microbiological properties of chicken manure.

2. Materials and Methods
2.1. Collecting manure

The chicken litter used in the present study was
collected from two poultry farms located in Settat
(a province of Chaouia-Ouardigha region). The
litter was transported to the Center of Agricultural
Qualification Ouled Moumen (CAQ), the site of
the experiment, where mixed homogeneously. We
have taken five composite samples: three samples
cooled and kept for microbiological analysis and
two samples air-dried for physicochemical
analysis.
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2.2. Operation of Composting

The litter was composted aerobically in a heap
for 5 months. During composting process, moisture
content was adjusted to around 50%. The heap has
been manually turned once a week during bio-
oxydative phase and two to three times per month
through the maturation phase. Turning schedule
permits rapid decomposition at thermophilic
temperatures [8]. Heap temperatures were
monitored using alcohol thermometer at 3
locations: the top, the middle and the bottom. The
ambient temperature was collected by the weather
station to the CAQ. At the end of composting, 8
samples were collected in sterile plastic-bags to
serve for microbiological and chemical analysis.

2.3. Physicochemical analysis:

All the samples were analyzed for the following
parameters according to the manual of analysis
methods [9]. Dry matter content was assessed by
drying at 70°C for 48hours. pH and electrical
conductivity (1:10 w/v Sample-water extract) were
measured using a pH meter electrode and a
conductivimeter respectively. Organic carbon (OC)
was determined by titration using potassium
dichromate. Organic matter (OM) was calculated
according to the equation (OM = 1,724 OC). The
total nitrogen determined by Kjeldahl method.
Nitrates are determined by complexation with
chromotropic acid and measuring the absorbance in
a spectrophotometer at 410 nm [10]. Ammounium
was determined colorimetrically at 636 nm.
Phosphorus was determined by colorimetry at 882
nm [11] and potassium by extraction with
ammonium acetate and determination using a flame
photometer.

2.4. Microbiological Analysis

Microbiological analyses have focused on
enumeration of 8 groups of microorganisms by
determination of the number of colony forming
units (CFU/g). The enumeration of total aerobic
mesophilic flora was determined using the Petri
dishes containing a medium of agar glucose and
yeast extract; inoculated and incubated at 30 °C for
72 hours [12]. Enterobacteriaceae was inoculated in
VRBG medium (Violet Red Bile Glucose) at 37 °C
for 24h [13]. Fecal coliform was inoculated in
VRBL agar (Violet Red Bile Lactose) at 44 °C for
24 hours [14]. Escherichia coli at 44 ° C for 48
hours according to Mackenzie test [15]. The
population of  Staphylococcus aureus was
determined in the Baird-Parker medium at 37 °C
for 48 hours [16]. Sulfite-reducing anaerobic
bacteria was inoculated on TSN agar (tryptone,
sulfite, neomycin) at 46 °C for 24 hours [17].
Yeasts and molds inoculated on Sabouraud agar at
25 °C for 3 days [18]. Salmonella was determined

in 25g sample on SS agar (salmonella-shigella) at
37°C for 48 hours [19].

2.5. Statistical Analysis

The results were statistically analyzed using
SPSS statistics 17.0 software for analysis of
variance (ANOVA) at a significance level of 5% (P
<0.05). The analyses were performed in two
repetitions.

3. Results and discussion

3.1. Temperature Monitoring:

Temperature has been widely recognized as one
of the most important parameters in the composting
process [4]. Figure 1 shows the evolution of the
ambient temperature and that of compost
throughout composting. The peak temperature that
occurred during thermophilic phase in the middle
(63 °C) part were higher than those recorded in the
bottom (60 °C) and surface (53°C) locations of the
heap (Figure 1).

The rise in temperature indicates an intense
microbial activity; it should reach 55°C to destroy
pathogenic microorganisms [20]. The optimum
temperature range for composting is between 40
and 65 ° C [21].

The development of the temperature profile
indicates the different phases of the process. In
general, the composting process can be divided into
two main phases: the biooxidative phase and the
maturing phase also called the curing phase
[20,22]. A graph shows two distinct phases: a bio-
oxydative phase divided into three sub phases
(mesophilic, thermophilic and cooling); and
maturation phase.

During the maturation phase, temperatures at
different locations of the heap reach ambient level
almost at the same time despite their differences in
thermophilic temperatures (Figure 1), indicating
that the chicken litter is becoming stable.
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Figure 1. Air and heap temperature changes during composting
of chicken litter.

3.2. Physicochemical analysis:

Table 1 shows the average values obtained in
the analysis of samples taken before and at the end
of composting. During the process, the heap
recorded a slight acidification (The pH decrease
from 7,73 to 7,29). This decrease can be explained
by the production of organic acids. All composts

showed a neutral or slightly alkaline pH [23]. %: 30 7

Neutral pH is an indicator of stabilized Organic £ 25 - BN (g/kg)

matter [4] § 20 B NO3 (g/kg)
§ 15 4 NH4 (g/kg)

Table 1.  Chemical properties at the beginning and the end of
composting (Dry matter)

SD : Standard deviation; EC : Electrical conductivity; OM :
Organic matter; NO3-: Nitrates; NH4+ : Ammonium; P :
phosphorus; K : potassium.

Electrical conductivity (EC) reflects the degree
of salinity in the heap before and after composting.
The EC values were relatively high (from 5.0 to 6.6
dS/m). This change may be explained by the ions
concentrations, due to weight loss. Most of
compost showed an increase of EC during
composting [24].

Moisture content decreased during composting
to 26.9% in the final compost. This loss was
explained by the evaporation of large quantity of
water occurred due to the temperature rise during
the active phase and frequency of turning.
However, the reduction in moisture content was
limited by the composting period characterized by

high relative humidity (81% on average) and low
ambient temperature (14°C on average).

During composting, the content of organic
matter decreased significantly (from 57.6% to
40.3%dm). This change due to the mineralization

g T Ambient of OM was similar to the results reported by [4,23].
i o The degradation rate of the OM decreases
# iddle gradually as composting progresses because of the

—bottom reduction in available carbon sources and other

nutrients.

The total nitrogen (Figure 2) content recorded a
significant decrease which can be explained by
volatilization of nitrogen as ammonia [25-28],
turning operations [29], leaching or consumption
by flora Microbial. These results are consistent
with those found in [24] where each chicken can
produce 0.15 to 0.20 kg of waste per day,
containing between 1-6% (dm). These high levels
of nitrogen limit the spreading of poultry manure.

45

35

10

Initial Final
O !
Mean + SD Mean + SD ) )
Initial Final
pH 7,73+0,11 7,29 £0,13
EC (dS/m) 5.00+ 0,00 6.60 £ 0,55 Figure 2: Content of Total nitrogen (N), nitrates (NO3) and
OM(%) 57.60% 5.00 4038 + 408 ammonium (NH4) at the beginning and the end of composting
NH4*/NO3’ 7.24+0,90 0.59 + 0,09
P (g/kg) 5,98 + 0,85 4,51+0,57 The C/N ratio is particularly important; a report
K (g/kg) 146+ 007 1105029 of 20 to 40 would be acceptable with an optimum
. i 4 ' between 25 and 30 to start composting. The C/N

ratio decreased fewer than 10 (C/N =9.5) in the
final compost. This could be due to a high
consumption of carbon content used as energy
source of microbial flora. According to [5], a C/N
ratio less than 12 is an indicator of compost
maturity.

At the beginning of composting, manure had a
nitrate content of 0.94 g / kg (Figure 2). At the end
of the operation, this content has reached a level of
10.36 g/kg. This significant increase is due to the
action of nitrification led by nitrifying bacteria. The
final compost showed 0,6%(dm) of NH4" content.
According to [30], recommended NH4" content
should not exceed 0.4%. However, some composts
show more maturity in despite of considerable
levels of NH4" [8].
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Thus, The NH4'/NO3" ratio recorded a
significant drop during composting process from
7.24 to 0.59 (Table 1). The latter value (less than
3.0) is an indicator of compost maturation
according to the California Compost Quality
Council [31].

Phosphorus levels do not show significant
difference. This stabilization may be due,
according to [8], to a consumer by microorganisms,
which offsets the resulting concentration of the
reduced weight of the pile. The total potassium
content decreased during composting, from 1.47 to
1.1 g / kg. Nevertheless, the loss of potassium was
recorded because of consumption by the microbial
flora.

3.3. Microbiological analysis:

Microbiological hazards due to the presence of
high pathogens densities are one of the problems
posed by the direct use of poultry manure in
agriculture. These health risks could be minimized
by composting. Reducing the survival of these
pathogens especially during the thermophilic phase
is one of the main roles of composting for
decreasing the risk of contamination.

Initially, the heap showed a high density of
microorganisms. These analyses involved 8
microflora. The total aerobic mesophilic flora

(Figure 3) was significantly reduced by 1.7 Log % 7,000
units. This decrease was probably due to the high g 6,000 ri
temperature and unfavorable conditions established z 5,000 —
during the thermophilic phase [32]. = A0 -
o 3,000
G 2,000 Initial
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Figure 3. Populations of total aerobic mesophilic flora,
enterobacteriaceae, fecal coliforms and Escherichia coli at the
beginning and the end of composting

The reducing in concentration of
microorganisms used as an indicator of fecal
contamination was also significant (figure 3):
Populations of Enterobacteriaceae, Fecal coliforms
(FC) and Escherichia coli were significantly Log
reduced by 1.67, 2.08 and 3.65 respectively in the
final compost.

Thermotolerant coliforms concentration is used
as environmental sanitation indicator [33,34].

In our experiment, the concentration of
thermotolerants (FC) is below the recommended
limit (10° CFU/g) indicating the composting
efficiency [3]. The decrease was presumably the
result of the high temperature and unfavorable
conditions established during the thermophilic
phase [32].

The total destruction of Escherichia-coli
population was certainly due to the rise of
temperature and aerobic conditions [35].

Furthermore, the population of staphylococcus
exceeded 10° CFU/g. It was significantly reduced
by 1.93 Log during composting (figure 4). The
remaining density might be due to a quality of the
pathogen as ubiquitous bacteria. Despite successful
composting, the health risk relative to a potential
pathogen growth is still present [36,37]. This risk is
greater in the peripheral parts [38].

The human pathogen Staphylococcus aureus is
transmitted with food consumption and its presence
in compost used for vegetable production can cause
serious epidemiological problems [39-41].

Further, population of sulfite-reducing anaerobic
bacteria was reduced by 1.61 log; it may be due to
high temperature in thermophilic phase, the aerobic
conditions and the presence of nitrates (figure 4).

0,000 +

Anaerobic
Bacteria
Yeasts
and
Molds
Salmonella

Staphylococcus
Aureus
Sulfite Reducing

Figure 4. Populations of Staphylococcus aureus, sulfite-
reducing anaerobic bacteria, salmonella, and yeasts and molds at
the beginning and the end of composting

Salmonella was not detected in all samples
before and after composting (figure 4). This can be
explained by compliance  with  regulatory
requirements for poultry farming and the absence
of post-contamination factors that may contaminate
the pile during composting.

Finally, Yeasts and molds were log reduced by
about 2.12 units (figure 4). The mushrooms are
mostly mesophilic. Therefore the temperature rise
over 50°C had certainly a lethal effect. The rest of
the fungal population is concentrated mainly on the
periphery of the pile where the temperature is
lower [42]. Another explanation which could
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justify the presence of fungal microflora is the
presence of favorable conditions in maturation
phase: A low water activity and the prevalence of
complex substrates (lignin and cellulose). These
conditions can promote the growth of fungi and
actinomycetes [4,21].

Our results indicate that the composting process
in the heap was capable to ensure the organic
matter stabilization and destroying populations of
several pathogens.

4. Conclusion

The environmental problems associated with
chicken litter application could be mitigated by
stabilizing its nutrient and organic matter (OM)
contents by composting before application to
agricultural soils.

As a consequence, the assessment of both
chemical and microbiological parameters has been
demonstrated that heap composting of 5 months
can be sufficient to produce stabilized and sanitized
compost from chicken litter. At the high
temperatures reached during thermophilic phase of
composting, pathogens are reduced or totally
destroyed making the chicken litter compost safer
for agricultural use. The maturation phase was
accompanied by a decline of compost temperatures
to ambient level, relative increases in nitrates and
electrical conductivity and decreases in Carbon,
Organic matter, pH and nitrogen.

It can be concluded that chicken ~litter
composting in heap is a suitable way to stabilize
organic matter, produce heat and thus leading to
hygienization. This process may be considered as
an effective and efficient way to produce stabilized
and sanitized compost.
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