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Abstract  
This work aims to improve the composting process of the dairy cattle slurry solid fraction (SF) from a 
fundamental understanding of the effects of moisture content (MC) and pile cover type on the changes 
in SF physicochemical characteristics and the rate of mineralisation of organic matter (OM), to 
maximize final compost quality. Screw pressed SF were collected at rates of 1 m3 h-1 and 3 m3 h-1, 
respectively with 67% and 76% MC. Both SF were composted in piles with 15 m3, with 5 turns, and 
covered between turns either with black polyethylene or with polypropylene (geotextile). Differences 
in temperature conditions were recorded between different pile covers. Nevertheless, both methods 
produced a stabilised end product The MC was a critical parameter controlling composting 
temperature and for providing effective compost sanitation. The efficiency of the composting process 
was improved by decreasing MC content and managing compost piles without an impermeable cover. 
 
Introduction 
Solid-liquid separation can be an effective treatment method for producing slurry solid fraction (SF) 
whereas composting may be an effective management option to improve the suitability and 
acceptability of SF for use on agricultural land. The composting process is influenced by a number of 
factors such as temperature, moisture content (MC), C/N ratio, aeration, pH value, and the physical 
structure of the raw, feedstock material [1,2]. To inactivate pathogens, temperatures should reach 55°C 
for at least fifteen days. However, when the MC of the SF exceeds 70 %, which is frequently the case 
for most separated cattle slurry solids [3], thermophilic temperatures may not be attained, since 
oxygen movement is restricted. 
Although many composting studies have been carried out with solid manures and SF from pig slurry 
[4,5], the kinetic changes in the physicochemical properties of cattle slurry SF during composting are 
not well known. This work aims to improve the composting process of SF from a fundamental 
understanding of the effects of MC and pile cover type on the changes in SF physicochemical 
characteristics and the rate of mineralisation of OM, to maximize final compost quality. 
 
Material and Methods 
Screw pressed SF were collected at rates of 1 m3 h-1 and 3 m3 h-1 at two dairy farms located in NW 
Portugal, respectively with 67% and 76% moisture content (MC). Both SF were composted in piles 
with 15 m3, with 5 turns with the tractor front end loader, and covered between turns either with black 
polyethylene or with polypropylene (geotextile), which is permeable to the air but waterproof. The 
four pile treatments were: polyethylene cover and SF with lower moisture content (PCLM); 
polyethylene cover and SF with higher moisture content (PCHM); geotextile cover and SF with lower 
moisture content (GCLM); and, geotextile cover and SF with higher moisture content (GCHM).  
The piles were periodically sampled for chemical analysis and compost temperatures of the piles were 
monitored automatically with a thermistor positioned in the centre of each pile. During composting, 
the average air temperature was 11ºC.  Compost dry matter (DM) content, pH, electrical conductivity 
(EC), OM content and NKjeldahl were determined by standard procedures [6] and compost mineral N 
was analysed by molecular absorption spectroscopy, after extraction with 2 M KCl. Losses of OM 
were calculated according to the equation: OM loss (g kg-1) = 1000 - 1000[x1(1000-x2)]/[x 2(1000-x1)], 
where x1 and x2 are the initial and final ash contents, respectively [7].  
Mineralisation of OM during composting, determined by the OM lost, followed a first order kinetic 
equation: OMm = OM0 (1-e-kt), where OMm indicates the mineralized OM (g kg-1 of initial OM) at time 
t (days), OM0 the maximum mineralisable OM (g kg-1 of initial OM) and k the rate of mineralisation 



(day-1). Non-linear regression analysis of experimental data was completed using the Levenberg-
Marquardt method and the Duncan's multiple range was applied to test for significant differences 
between mean data. Both forms of statistical analysis were carried out using SPSS 17.0 for Windows 
(SPSS Inc.). A probability level of α=0.05 was applied to determine statistical significance. 
 
Results and discussion 
Time-temperature profiles recorded during composting of SF (Fig. 1) followed expected trends [3, 8]. 
Initially, the temperature of composting piles rose to greater than 45 ºC indicating the rapid breakdown 
of readily available OM  by micro-organisms (thermophilic phase), but with lower peak temperatures 
and for a shorter period of time in piles covered with polyethylene compared to piles covered with 
geotextile. As the OM became more stabilized, microbial activity, the OM decomposition rate and the 
temperature decreased gradually to ambient levels, approximately 5 months after composting was 
initiated. The highest temperatures (>66 ºC) were recorded for piles covered with geotextile while the 
microbial activity and compost temperature clearly declined for the pile covered with impermeable 
polyethylene and initial SF MC of 76%, which is explained by oxygen movement restrictions under 
high moisture content and impermeable covers. Temperature conditions in piles covered with 
geotextile (>60 ºC for >15 days) would be effective at inactivating pathogenic organisms [9,10]. 
However, the temperature profiles observed in piles covered with polyethylene were potentially less 
effective at destroying pathogens. Polyethylene covered piles also cooled at a faster rate than piles 
covered with geotextile and approached ambient temperature sooner. The results indicated that the 
optimum conditions for compost sanitation were best achieved with the lower MC SF feedstock and 
using a permeable cover. 
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Figure 1. Temperature during composting of slurry solid fraction with initial higher (HM) and lower 
(LM) moisture content, in piles covered with polyethylene (PC) or geotextile (GC). Ta represents the 

ambient air temperature 
 
The initial moisture content of the SF (Table 1) was associated with the effects of fast and slow slurry 
dewatering rate, and was above the upper MC recommended for optimal composting of 50–60% [11]. 
Despite the absence of forced aeration, to actively introduce oxygen, thermophilic temperatures (>50 
ºC) developed relatively rapidly at the beginning of the composting process, except for high moisture 
SF covered with polyethylene, which conserved the water released from OM mineralisation and 
restricted air flow inside the pile. Thus, these results showed that the slurry SF contained readily 
compostable components and had sufficient structure and porosity to provide adequate diffusion of 
oxygen into the material to support aerobic composting activity, without additional bulking agents if 
covered with geotextile. However, the initial MC of the SF feedstock was critical for effective 
composting to enable oxygen diffusion into the pile to maintain aerobic microbial activity.  
The pH of SF was generally alkaline and in the range 7.8–9.3 during composting, increasing the 
potential for NH3 volatilization. This high pH reaction was probably due to the buffering effects of 
bicarbonates [8]. The MC of the SF and pile cover type did not affect the pH of the composts 
consistently. In the final compost the pH ranged from 7.9 to 8.8 (Table 1). The EC of SF composts 
ranged from 0.5 to 1.3 dS m-1, but EC values were generally less than 1.0 dS m-1. High salt 
concentrations may cause phytotoxicity problems on crop seed germination and seedling emergence; 
the EC value of compost is therefore important in evaluating the suitability and safety of compost for 



agricultural purposes. In this investigation, final EC values of SF composts (Table 1) were well below 
the maximum value of 3 dS m-1 recommended for application to soil [12]. 
 
Table 1. Initial feedstock material and final compost characteristics of slurry solid fraction composted 
with lower (LM) and higher (HM) moisture content. 
  Initial feedstock Final composts 
  Slurry solid fraction Polyethylene cover Geotextile cover 
  LM HM LM HM LM HM 
Moisture content (%)  67 76 84 83 79 78 
pH  9.0 8.8 8.6 8.8 7.9 8.1 
E. conductivity (dS m-1)  0.6 0.7 0.8 0.8 1.1 1.3 
Organic matter (g kg-1 DM)  910 901 768 792 756 768 
N content (g kg-1 DM)  12 14 31 31 37 35 
C/N ratio  42 36 14 14 11 12 
NH4

+-N content (mg kg-1 FWt)  879 929 20 24 11 15 
NO3

--N content (mg kg-1 FWt)  0 0 109 51 755 713 
 
The OM content of SF decreased from an initial maximum value of >900 g kg-1 DM to 756 g kg-1 DM 
after 5 months of composting in GCLM. The lower moisture content SF showed increased rates of 
composting (k=0.038 and 0.034 day-1 for PCLM and GCLM, respectively) compared to higher 
moisture content SF (k=0.017 and 0.016 day-1 for PCHM and GCHM, respectively) and therefore 
reached stability more rapidly (Fig. 2). However, variations in overall OM mineralisation between the 
different compost treatments were small (620-680 g kg-1 of initial OM), and similar to results found 
during manure and straw cocomposting in a drum system (620–660 g kg-1 DM) [13] and for beef cattle 
feedlot manure (670 g kg-1 DM) [10].  
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Figure 2. Organic matter (OM) losses during composting of slurry solid fraction with initial higher (H M) 

and lower (LM) moisture content, in piles covered with polyethylene (PC) or geotextile (GC). *** indicates 
statistical significance at P <0.001 

 
The total N content was raised from 12-14 to 31-37 g N kg-1 DM in 5 months of composting (Table 1), 
and increased linearly with decreasing OM content (g kg-1) according to the following equation (n = 
128; r2 = 0.92; P <0.001): N (g kg-1) = -0.155 OM (g kg-1) + 155.1. Consequently, SF C/N ratio 
decreased from 36-42 to final values of 11-14 towards the end of the composting period indicating 
high degree of stabilisation. For example, a decrease from an initial C/N value of 35-40 or higher to a 
final value of 18-20 or lower was suggested to imply an advanced degree of stabilisation [14].  
Mineral N was characterized by initial high NH4

+-N and low NO3
--N contents (Table 1) because high 

temperature conditions and CO2 concentrations inhibit nitrifier activity during the initial stages of 
composting [15], followed by a marked decrease in NH4

+-N and, after the thermophilic phase of 
composting, a progressive increase in the NO3

--N concentration. NH4
+-N content has been used to 

determine compost stability: compost is considered to be completely stabilized when the NH4
+-N 

content is less than 400 mg kg−1 DM [14], and the final NH4
+-N content in SF compost was less than 

25 mg kg−1 DM (Table 1). The NH4
+-N / NO3

--N ratio is also often used as an index of compost 
stability [11] with values of <1 denoting very stable or mature material [10]. Here, the ratio NH4

+-N / 



NO3
--N at the end of composting was always lower than 0.5 indicating that composts were well mature 

according to the Compost Maturity Index of the California Compost Quality Council [16].  
 
Conclusion and perspectives  
Slurry solids from a mechanical liquid–solid separator were composted directly, without addition of  
bulking agent materials and showed sufficient biodegradability and structure to allow effective 
composting. Differences in temperature conditions were recorded between different pile covers. 
Nevertheless, both methods produced a stabilised end product. Compost stability was indicated by low 
and stable temperatures, stabilised CO2 losses, and low C/N and NH4

+-N/NO3
--N ratios. Biodegradable 

C and N, aeration and DM content explained most of the variation in composting kinetics, as well as 
the characteristics of the composted end-products. The MC was a critical parameter controlling 
composting temperature and for providing effective compost sanitation. The efficiency of the 
composting process was improved by increasing DM content of the SF and managing compost piles 
without an impermeable cover. Further research is recommended to examine the potential of simple 
intervention strategies designed to improve the extent of pathogen destruction by low input 
composting techniques to produce a stabilised residue suitable for unrestricted use. 
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