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Abstract
Purpose Adoption of co-composting to treat swine slurry can reduce risks of pollution and produce organic fertilizer. Wood 
shavings and sawdust are the usual bulking agents used in such treatments, however planted forest is a feedstock source of 
slow renewability rate. Thus, the prospection of alternative biomass feedstock in regions of high animal density, may enable 
the pig slurry co-composting. Therefore, this manuscript describes a case study carried in Southern Brazil, region that houses 
56% of Country’s swine herd, and where ryegrass is a common winter cover crop.
Methods A study was conducted to evaluate the effect of increasing shares of ryegrass straw in the bulking agent of swine 
slurry co-composting, as follow: wood shaving (W), ryegrass straw (S) and blends (W/S = 50/50 and 30/70). Composting 
evolution was monitored during 85 days by measuring daily the temperature and emissions of  CO2,  CH4 and  NH3, afterwards 
at 100th day the resulting composts were characterized.
Results The increase in straw shares, elevated temperature peaks (> 60° C), accelerated the biomass stabilization from > 85 
to 65 days, and produced fertilizers with higher nutrient content due to its higher biodegradability, though  NH3-N emission 
increased up to 10%. The maintenance of a share of wood shavings can mitigate that emission, besides improve the stability 
of pile temperature and decrease leaching.
Conclusions Although ryegrass straw can total or partially substitute wood shavings in swine slurry co-composting, sub-
strates blends were more promising. Further studies approaching management adjusts are required to prevent increasing the 
emission of  NH3-N and leaching.
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Introduction

The intensification of livestock industry in Concentrated 
Animal Feed Operations (CAFOs) is a global trend driven 
by increased profits achieved through the economies of 
scale (Sorathiya et al. 2014). Contrasting to this tendency, 
the European Union has recently adopted some policies that 
intend to inhibit the uncontrolled growth of this model aimed 
to achieve certain environmental goals aimed to sustain the 
balance between urban and rural populations and strengthen 
the family-based small farms. Such measures have had an 

indirect effect on accelerating the expansion of CAFOs in 
developing countries to supply the world’s growing demand 
for meat (Macleod et al. 2013).

In Brazil, the expressive growth of livestock production 
consolidates the Country as one of the largest meat exporter 
(FAO 2015). In recent years, however, have emerged some 
questions about the sustainability of this production chain in 
keeping the current growth rates. Furthermore, the pressure 
under livestock industry is increasing as long as the evidence 
of natural resources impairment arise in regions of intense 
animal production, especially in Southern Brazil, the region 
that houses 56% of Country’s swine herd.

These contaminations are usually associated to the 
excess of nitrogen and phosphorus originated from animal 
manure which cumulates in soil and eventually washed 
into water bodies by lixiviation and can cause their 
eutrophication (Lee and Oa 2013; Cherubini et al. 2015). 
Furthermore, in recent years, emissions of greenhouse 
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gases (GHG) and  NH3 have also become a major focus 
of environmental concern related to pig farms (Macleod 
et al. 2013; Philippe and Nicks 2015; Dennehy et al. 2017).

It is important to highlight that Brazil had voluntarily 
committed to reduce the emission of GHG by 36–39% by 
2020 at Copenhagen COP15 (Cardoso et al. 2016).

Nowadays Brazilian Ministry of Agriculture, Livestock 
and Food Supply (MAPA 2009) certificates organic fer-
tilizer resulting from composting process demonstrably 
controlled and well-conducted which enable them to be 
sold, exporting their nutrients and support organic farm-
ing, moreover composting is considered a global warming 
mitigation technology, therefore, it is eligible for funding 
by a Brazilian government program called ABC program, 
whose letters ABC are the initial of Agriculture of Low 
Carbon in Portuguese (Angelo 2012).

Composting is an ancient technology known since Bib-
lical era, and consists in stabilize and reduce volume and 
mass of solid organic wastes through biological processes 
to produce a rich, safe and stable soil conditioner (Wang 
et al. 2016). Its main advantage is to enable the nutrients 
and organic matter cycling in agricultural systems (Adhi-
kari et al. 2009).

Nevertheless, taking in account the ideal moisture 
content for composting as being approximately 60%, it 
is clearly noticed that swine slurries have excess of water 
and tend to be degraded by anaerobic routes. Therefore, 
to induct and ensure the proper evolution of composting 
process and the prevalence of aerobic biodegradation, 
interventions such as the addition of bulking agents with 
low water content and rich in carbon, as well as oxygen 
incorporation by biomass turning are required (Cook et al. 
2015; Qasim et al. 2018).

The raw materials most widely used as bulking agent for 
composting are wood shavings and sawdust, however, they 
can be costly in regions with intensive animal production 
once they are highly demanded for piglets and broilers heat-
ing and beds. In countries where raw materials from for-
est are scarce, many studies had been conducted assessing 
alternative bulking agents such as straws, crops residues, 
chopped newspaper, paperboard, etc. (Adhikari et al. 2009; 
De Guardia et al. 2010a; Ren et al. 2010).

Measures to diversify the supply sources of raw materials 
for bulking agents is strategical for co-composting succeed 
in Brazil, to provide flexibility and allow the adaptation of 
the process to diverse bioclimatic and cultural conditions 
existing in a continental dimension country. Taking this into 
account; ryegrass (Lolium multiflorum) is an annual grass 
widely spread in Southern Brazil, commonly grown as win-
ter pasture (Ribeiro et al. 2009). Due to its high renewabil-
ity (compared to cultivated forests) and availability in the 
region which concentrates 56% of the Brazilian pig herd, 
a case study was conducted to evaluate ryegrass straw as a 

substitute to wood shavings as the bulking agent of swine 
slurry co-composting.

Therefore, the aim of this work was to assess ryegrass 
straw as a total or partial substitute to wood shavings as 
bulking agent on swine slurry co-composting, also to evalu-
ate its advantages and disadvantages considering environ-
mental impact and check whether the resulting compost 
achieves the quality standard demanded by the current Bra-
zilian Law (MAPA 2009).

Materials and methods

Experimental setup

A pilot scale assay was carried out inside a transparent PVC 
film greenhouse located in Santa Catarina State, Brazil 
(27°18′34″S; 51°59′30″W). The experiment was conducted 
throughout 85 days during summer season (from November 
to January) and the experimental set-up consisted in four 
concrete cells of 3 m3 [2.5(l) × 1.5(w) × 0.8(h) m] where the 
composting piles were assembled.

A composting pile were built in each cell using the rate 
slurry/bulking agent of 6/1 (in weight), differing from each 
other just in the composition of bulking agents given in per-
centage (weight): wood shavings 100% (W); wood shavings 
50% + ryegrass straw 50% in weight (W/S—50/50); wood 
shavings 30% + ryegrass straw 70% (W/S—30/70) and 
ryegrass straw 100% (S).

Initially the piles were assembled by placing a 50 cm 
high layer of bulking agents in the cells, then swine slurry 
was uniformly distributed over the substrate surface using 
a watering can. The process was repeated three times but 
with bulking agents layers of 10 cm high instead of 50 cm, 
to obtain piles of 80 cm of total hight, completely filling the 
3 m3 cells.

Due to the distinct density of wood shavings (183 kg m−3) 
and ryegrass straw (120 kg m−3) the mass of bulking agents 
contained in the piles differs, being: (W) = 549 kg, (W/S—
50/50) = 454 kg, (W/S—30/70) = 416 kg and (S) = 359 kg.

The fresh swine slurry was obtained from a demo finish-
ing facility, located in the same experimental area, which 
houses 48-swines with an average manure production of 
0.34 m3  day−1. The slurry was incorporated to substrates in 
installments along 49 days according to the schedule shown 
in Table 1, to obtain a final ratio of 6 L of swine slurry per 
1 kg of bulking agent.

Samples of slurry at each addition were collected and 
analyzed according to standard methods (APHA et al. 1999) 
for the parameters: organic carbon (OC), total kjeldahl nitro-
gen (TKN) and the solid series—total solids (TS), fixed (FS) 
and volatiles (VS). The average characteristics of slurries at 
each are shown in Table 2.
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The volume of slurry added to substrates were delib-
erately higher than their capacity of sorption to find out 
the maximum volume that each bulking agent are capable 
of treating and also to obtain richer final fertilizers. The 
leachates from the composting piles were individually 
collected from the drains and their volume were measured 
before being reintroduced to their respective treatment 
piles. This procedure was repeated until leaching had 
completely ceased.

Throughout the impregnation period (49  days) the 
biomass was turned at every slurry load, thereafter the 
turning frequency was reduced to twice a week. Once the 
impregnation step had finished, biomass samples from 
each treatment were collected and immediately sent to 
laboratory to analyze organic carbon (OC), total nitrogen 
(TN) and dry matter (DM) according to standard methods 
(AOAC 1998).

Composting process monitoring

The composting progress was daily monitored by measuring 
biomass temperature and emission of carbon dioxide  (CO2) 
which are indirect indicators of aerobic activities (Paillat 
et al. 2005; Malinska et al. 2014).

The internal temperature of composting piles were meas-
ured with Cu-Constantan termopars inserted at 20–30 cm 
depth and  CO2 emission was measured according to pre-
vious published work (Sardá et al. 2010) which used the 
static chamber method to collect the gas (Rawluk et al. 2001; 
Sommer et al. 2004; Smith et al. 2007) coupled to infrared 
portable detector (X-AM 7000, Dräger-Lübeck, Germany). 
Gas samples were collected in three points per pile during 
3 min and fluxes were calculated using Eq. (1) (Sommer and 
Møller 2000):

where V is the volume of the static chamber  (m3); A is the 
emitting surface area  (m2); ΔC

Δt
 = rate of  [CO2] increase in the 

headspace of the static chamber (g m−3  min−1).
The emission of ammonia  (NH3) was evaluated because 

this parameter has a direct correlation with the nutritional 
quality of the final compost, beside it also has influence on 
the technologies’ environmental and social impacts once it 
is a gas that is pollutant, odorous and toxic.

Ammonia was measured using a portable gas detector 
with ammonia electrochemical sensor (X-AM 7000, Dräger-
Lübeck, Germany). The sampling method was modified 
once static chambers usually sub estimates  NH3 emission 
(Smith et al. 2007) because the confined environment of the 
chamber favor the reduction on  NH3 diffusion rate and also 
the condensation of water vapor which solubilizes gaseous 
 NH3 and removes it from the headspace.

Therefore, sampling was made according to Smith et al. 
(2007) using a wind tunnel which covered 1 m2 of emitting 

(1)F =
V

A
.
ΔC

Δt
,

Table 1  Chronogram of slurry 
application and biomass turning

Number of 
application

Day Volume of added slurry (L) Weekly share of the 
total slurry added (%)

(W) (W/S—50/50) (W/S—30/70) (S)

1 1 439.2 363.0 332.5 286.8 40
2 3 439.2 363.0 332.5 286.8
3 7 439.2 363.0 332.5 286.8
4 14 329.4 272.3 249.4 215.1 30
5 17 329.4 272.3 249.4 215.1
6 21 329.4 272.3 249.4 215.1
7 28 219.6 181.5 166.3 143.4 20
8 31 219.6 181.4 166.3 143.4
9 35 219.6 181.4 166.3 143.4
10 49 329.4 272.3 249.4 215.1 10
Total 3294 2722.5 2494 2151 100

Table 2  Physical–chemical characteristics of swine slurries used at 
each application

Applica-
tions

OC (%) TKN (%) TS (g  L−1) VS (g  L−1) FS (g  L−1)

1 2.9 0.312 60.0 48.7 11.3
2 2.2 0.371 41.8 31.8 9.94
3 1.9 0.411 33.7 25.2 8.50
4 1.5 0.294 33.7 24.4 9.23
5 2.7 0.467 39.7 29.0 10.7
6 2.1 0.344 32.6 24.4 8.20
7 2.6 0.306 48.0 35.3 12.7
8 2.4 0.431 51.9 37.9 14.0
9 2.8 0.305 45.9 33.2 12.7
10 2.7 0.296 38.7 26.9 11.8
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surface and gas exhausting at laminar flow fixed at 0.015 m3 
 s−1 (Lockyer and Whitehead 1990; Rochette et al. 2001). 
Emissions were measured during 10 min per pile and the 
emission flow (F) was calculated using Eq. 2:

where f is the laminar flow in tunnel  (m3  s−1); AS is the emit-
ting surface area covered by the tunnel  (m2); Ci and Co is 
the concentrations of  NH3-N inlet and outlet of the tunnel, 
respectively (g  NH3-N m−3).

Accumulated  NH3-N losses are calculated by the integra-
tion of the graphic F vs. time.

To evaluate the quality of resulting composts and check if 
they are in compliance with the applicable law and regula-
tions (MAPA 2009), samples were collected from each pile 
at 100th day and analyzed for potassium (K), total nitrogen 
(TN), phosphorus (P), organic carbon (OC) and pH (AOAC 
1998).

Results and discussion

The sorption capacity of all tested bulking agents were 
exceeded, resulting in leachates that were individually col-
lected from each composting pile. The percentages of leach-
ing relative to the total volume added were: 7.5% (W), 10% 
(W/S—50/50), 15% (W/S—30/70) and 29% (S). Therefore, 
the treatment capacity can be improved by increasing the 
proportion of wood shavings.

Table 3 shows the characteristics of the biomasses of the 
four piles resulting from the incorporation of swine slurry 
to bulking agents as described in Table 1.

The moisture content varied from 71 to 79% for (W) and 
(S), respectively. These values are above the recommended 
60% which was expected once slurry was deliberately added 
in excess. The N content increases proportionally to straw 
content on bulking agent, this may occur because ryegrass 
itself can contribute to the enrichment of biomass with 
nitrogen (Horwath and Elliott 1996) therefore, all the bio-
mass, except for (W), had C/N ratio below the range that 
are considered ideal for composting (25 ≤ C/N ≤ 35). This 

(2)F =
f

As

(

co − ci
)

,

imbalance caused by the excess of N is undesirable because 
it can increase  NH3 emission during composting.

The graphics resulting from temperature and gases emis-
sions measurements are shown in Fig. 1. Results have shown 
that the temperature of piles with higher wood shavings 
content (Fig. 1a, b) presented lower maximum peaks and 
less fluctuations. This may occur because wood shavings 
has higher density and insulation capacity which combined 
to its lower porosity turns the biomass less susceptible to 
external temperature variations, besides the wood shavings 
provides physical conditions that limits gaseous exchanges 
between biomass and atmosphere.

According to El Kader et al. (2007) this behavior occurs 
because raw materials with lower density and high poros-
ity has inner spaces filled with free air which favor gase-
ous exchanges, as well as vapor and heat losses resulting in 
the rapid rise of biomass temperature in the beginning of 
composting.

Additionally, as wood shavings has lower biodegradabil-
ity due to its high content of recalcitrant molecules such as 
lignin and cellulose, the kinetic of decomposition of organic 
matter of this substrate is slower with low microbiological 
activity and consequently the maximum temperature devel-
oped during composting of this biomass may be lower.

According to De Guardia et al. (2010b), the self-heating 
capacity of biomass is strongly related to its biodegradabil-
ity, however, it is impossible to predict this heating relied 
only on raw materials biodegradability, because the physical 
characteristics of the materials also play a key role on the 
kinetics of residues stabilization because it has direct influ-
ence on the retention capacity of heat and moisture as well 
as on the aeration of this piles.

Results from the present work showed that the pres-
ence of wood shavings seems to retard the stabilization of 
composts because any  CO2 emission was observed in the 
pile containing only straw after 65 days of measurements 
(Fig. 1d), besides, the internal temperature of the pile also 
dropped from this day on, which may indicate the stabiliza-
tion of biomass. Meanwhile during the whole experimen-
tal period (85 days) the aerobic biodegradation of organic 
matter proceed in all piles that contained wood shavings 
on bulking agent composition, as can be seen in Fig. 1a–c.

Similar results were reported by Sommer and Møller 
(2000), the authors concluded that the bulking agents with 
higher density and less porous extends the treatment time.

Temperature plays an important role on compost sanita-
tion and ensure its safety use without harming human health 
(Malinska et al. 2014). Although in Brazil there is no spe-
cific law that requires a minimum temperature to be reached 
during commercial composting operations, it is possible to 
make an exercise using temperature requirements compiled 
from some selected countries laws as reference (Table 4) to 
estimate the sanitation level of the resulting composts.

Table 3  Initial characteristics of biomass from the treatments evalu-
ated

Treatment OC (%) TN (%) C/N DM (%)

W 10.93 0.40 27.33 29.09
W/S—50/50 9.94 0.48 20.70 26.55
W/S—30/70 7.83 0.55 14.23 25.96
S 4.44 0.66 6.73 21.31
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According to Fig. 1, the composting piles containing 
wood shavings (a, b and c) reached temperature higher than 
55 °C for more than 14 consecutive days from the 60th day 
until the end of the experiment. The resulting composts, 
therefore, are in compliance to most of the laws listed on 
Table 4, except for French and Belgium.

Temperatures above 60 °C were achieved by bins that 
contained straw (b, c and d) but just for a short period of 
time (3–4 days) in the intervals between slurry additions in 
the beginning of the treatments. In the bin that contained 

only straw (d) the temperatures above 60 °C lasted longer 
(approximately 10 days) during the period of slurry appli-
cations (between the 15th and 25th days), however, it is 
important to highlight that after the last application of slurry 
the temperature remained above 55 °C only for 3 days and 
quickly dropped soon after this, until it reaches equilibrium 
with room temperature.

Once the swine slurry is the main risk agent for an even-
tual biological contamination of the compost, it is important 
that all the amount of slurry added to the biomass was sub-
mitted to the whole thermic treatment. Therefore, consider-
ing only the time and temperature developed after the last 
slurry addition, it is possible to conclude that although straw 
pile (d) developed the highest temperature, a significant par-
cel of the slurry was added in periods that were posterior of 
the temperature peaks, than it was concluded that this treat-
ment would attend only Italy and USA laws.

The accumulated losses of  NH3-N for the four treatments 
throughout 85 days are shown in Fig. 2.

These results show that in the first 20 days of experi-
ment the emissions are relatively low, this period may cor-
respond to the time required for the ammonification of 

Fig. 1  Emission rate of  CO2-C and  CH4-C (g C  day−1per pile) and internal pile temperature: a wood shavings (W); b wood shavings 50% and 
straw 50% (W/S—50/50); c wood shavings 30% straw 70% (W/S—30/70) and d straw (S)

Table 4  Minimum temperature and time requirement for compost 
sanitation according to laws from selected countries Adapted from 
Reinhard (2006)

Country Temperature (°C) Time (days)

Denmark 55 14
French and Belgium 60 4
The Netherlands 55 4
Italy and USA 55 3
Germany 55/65 14/7
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organic nitrogen. According to de Guardia et al. (2008) the 
highest peaks of  NH3 emissions normally are simultane-
ous with temperature and oxygen consume peaks which 
indicates that the ammonification of organic nitrogen 
occurs by biodegradation then it is relatively proportional 
to organic carbon mineralization rates. Therefore, this pro-
cess is more intense in the beginning of composting and in 
the presence of labile organic matter (Paillat et al. 2005; 
Matsumura et al. 2010).

The  NH3-N resulting from ammonification can volatil-
ize, be converted into nitrate by nitrification or be immo-
bilized in the microbial biomass. Results showed that the 
highest  NH3 emission rates were observed between 20th 
and 50th days, yet during the impregnation period (slurry 
application).

The higher temperatures observed in the initial period 
of composting can inhibit nitrifying microorganisms 
which are mesophilic and thermosensitive (Paillat et al. 
2005; Fukumoto et al. 2011) as consequence, there will 
be an increase on  NH3-N available that can be volatil-
ized. Additionally, the impregnation operation itself favors 
 NH3 volatilization and emission once it involves frequent 
fresh slurry additions and turning allied with the temper-
ature rise. After the impregnation period, emission rate 

decreases as compost maturation is progressing (Szanto 
et al. 2007; Hassouna et al. 2008).

The cumulative emission of  NH3-N was higher as 
ryegrass straw proportion on bulking agent composition was 
increased. The dynamic of  NH3 emission to atmosphere is 
driven by many factors but it is strongly influenced by some 
specific characteristics of composting biomass, mainly: C/N 
ratio, pH, porosity, organic carbon bioavailable, etc. (Meng 
et al. 2016).

Concerning the influence of C/N ratio, there is consensus 
that the emission of  NH3 is favored by low values of C/N (De 
Guardia et al. 2010a; Matsumura et al. 2010), which is in 
agreement with the results found in this work once the piles 
with straw have lowest C/N values (Table 3).

Also, the piles that contain higher straw content tend to 
be less compact due to its lower bulk density compared to 
wood shavings, this either can contribute to elevate the  NH3 
losses. Some papers have reported expressive reductions on 
 NH3 emissions due to the reduction on inner free air spaces 
in the piles (Chadwick 2005; El Kader et al. 2007; Petersen 
and Sommer 2011).

The total accumulated losses of  NH3-N per kilogram of 
TN (total nitrogen content of the biomass in the beginning 
of each treatment) were estimated after 85 days for the four 
treatments: (W) = 181.8 g  NH3-N kg−1 TN or 18.2% TN; 
(W/S—50/50) = 199.1 g  NH3-N kg−1 TN or 19.9% TN; 
(W/S—30/70) = 264.5 g  NH3-N kg−1 TN or 26.5% TN and 
(S) = 279.6 g  NH3-N kg−1 TN or 28.0% TN.

The losses of  NH3-N during swine slurries composting 
found in the literature have a wide range due to the high het-
erogeneity of raw materials and the differences on the man-
agements. On spite of this, the values found in the present 
work do not differ greatly with recent international papers. 
According to Bernal et al. (2009) review, the swine slurry 
composting with corn stalk straw results in emissions that 
varied from 1.6 to 31.9% TN (with turning) and from 4.3 
to 32.4% TN (without turning) whether for the mixture of 
swine slurries with wood residues (sawdust + shredded wood 
pallets) the emission was approximately 23.2% TN.

At the end of experiment, composts resulting from the 
four treatments evaluated had the average characteristics 
described in Table 5.

Although the highest losses of  NH3 was observed in the 
piles that has higher straw content, the resulting composts 

Fig. 2  Accumulated emission of  NH3-N from composting piles in 
85 days

Table 5  Physico-chemical 
analysis of resulting composts 
after 100 days given in dry basis

a Samples were dried at 65 °C until constant weight before analysis (MAPA 2009)

Bulking Agent K (g kg−1) P (g kg−1) TN (%) OC (%) C/N pH Moisture (%)a

W 6.83 ± 0.34 14.5 ± 0.7 1.68 ± 0.08 35.0 ± 1.8 20.8 6.8 59.7
W/S—50/50 10.3 ± 0.52 15.6 ± 0.7 2.20 ± 0.10 34.8 ± 1.7 15.8 6.8 63.3
W/S—30/70 15.1 ± 0.76 16.2 ± 0.8 2.78 ± 0.14 28.0 ± 1.4 10.1 7.2 73.9
S 27.7 ± 1.40 21.8 ± 1.1 2.65 ± 0.13 19.3 ± 1.3 7.3 7.3 73.4
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of this bulking agent presented more nutrient concentra-
tion. Overall, as higher was the proportion of straw in 
bulking agent composition higher was the NPK content 
in resulting products, except for (W/S—30/70) which had 
higher N concentration than (S). Despite this, increases 
in  NH3 emission is always undesired because this gas is 
involved in acid deposition and eutrophication of aquatic 
habitats (Fukumoto et al. 2011). In addition to environ-
mental issues,  NH3 losses are undesirable also because 
N is a plant nutrient and its loss results in amendments 
with lower fertilizer potential, therefore, supplementary 
technologies aimed at mitigating this emission are required 
to enable any modification in co-composting operations.

The lack of correlation among  NH3-N emission and TN 
content on final compost was previously reported by Lee, 
Rahman, and Ra (2009), according to whom this can be 
attributed to the differences in the decomposition rates of 
organic matter as composting progresses. This explana-
tion seems to be plausible because the higher temperature 
peaks (observed mainly in the initial stage of composting), 
and the quick collapse of straw structures (compaction of 
piles) suggest that straw presented higher biodegradation 
rate compared to wood shaves.

The minimum requirements established by Brazilian 
Law (MAPA 2009) for organic fertilizer (compost from 
animal waste) are as follow: maximum moisture 50%, 
TN > 0.5% (dry basis), pH ≥ 6.0, OC ≥ 15%, and C/N 
ratio ≤ 20. Therefore, taking in account only the legal 
aspects concerning the resulting organic fertilizers; overall 
all the final composts achieve those requirements, except 
for the moisture content which was higher than the 50% 
required. Nevertheless, besides moisture, there are other 
important parameters, not regulated by Brazilian current 
law, that have crucial importance to guarantee the compost 
quality and safety, such as electrical conductivity, heavy 
metals, pathogens, nutrients bioavailability, among others.

On the basis of the results of this work, it was identified 
the need for further studies that covers strategies to miti-
gate  NH3-N losses in the beginning of slurries composting. 
Among the promisor technologies that can be highlighted: 
(a) physical barriers such as bin covers or the increase on 
biomass compacting (Chadwick et al. 2011); (b) additives 
to adjust C/N ratio by supplying bioavailable carbon to the 
system (Matsumura et al. 2010), to immobilize the excess 
of  NH3-N by precipitation (Fukumoto et al. 2011), adsorp-
tion (Villaseñor et al. 2011); (c) pH adjust, etc.

The manipulation of bulking agent composition may 
constitute in a useful tool to control the composting pro-
cess, supplying the environmental conditions that favor the 
maximum microbiological activities and ensure the high-
est level of nutritional quality and sanity status of resulting 
final products.

Conclusions

Ryegrass straw can total or partially substitute wood shav-
ings as bulking agent on swine slurry co-composting. The 
main advantage of wood shavings is its higher absorption 
and insulation capacity, whilst straw has higher biodegrada-
bility and results in richer composts. Although  NH3 emis-
sion increased proportionally to straw content in bulking 
agent, its higher losses of mass compared to wood shavings 
resulted in end-composts with higher nutrients content. The 
substrates blends looks very promising, however, further 
studies approaching management adjusts are required to 
prevent increasing the emission of  NH3-N and leaching.
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