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1           INTRODUCTION 

In the last decades, an intensification in the animal production and an increase in the size of the animal production 

units have been produced in the developed countries (only in the EU-27, more than 1500 mill. tonnes of animal 

manure are produced every year) (Holm-Nielsen et al., 2009). This fact implies a great generation of animal 

manures that can constitute an environmental risk, if not managed properly. Nowadays, anaerobic digestion is one of 

the methods that is gaining interest to manage the wastes generated by livestock production. This treatment 

transforms organic wastes into two products: a source of renewable energy (biogas) and a potential fertiliser, the 

digested material (digestate). However, some characteristics of the digestate (phytotoxicity, viscosity, odour, etc.) 

make it difficult its direct application in agricultural soils (Abdullahi et al., 2008). One option is to separate the 

digestate into a liquid and a solid fraction, the latter can be composted in order to obtain valuable and marketable 

end-products for agriculture (Møller et al., 2006). 

The co-composting of the digestates obtained by anaerobic digestion of animal manures, with agricultural 

residues, such as vine shoot pruning (VP), could constitute an efficient method to manage these wastes, not only to 

reduce the potential environmental problems associated, but also to recycle them. The compost obtained is a 

stabilised organic material that contains humic-like substances, which can be safely used as organic amendment in 

agricultural soils. Therefore, the aims of this work were to study the co-composting process of the solid fraction of a 

digestate, obtained from the anaerobic digestion of cattle slurry, with vine shoot pruning (VP), and to evaluate the 

characteristics of the end-products obtained.  

 

2             MATERIALS AND METHODS 

2.1           Experimental procedure 

Three mixtures (about 1800 kg each) were prepared and composted in a pilot plant, in trapezoidal piles (1.5 m high 

with a 2 x 3 m base), by the Rutgers static pile composting system. This system maintains a temperature ceiling in 

the pile, involving on-demand ventilation through temperature feedback control. The air was blown from the base of 

the pile through holes in the walls of three PVC tubes of 3 m length and 12 cm diameter, using a sequential aeration 

program depending on the mass temperature, with a ceiling temperature for continuous air blowing of 65 ºC. The 

raw materials used in the mixtures were the solid fraction of a digestate obtained after the anaerobic digestion of 

cattle slurry mixed with vine shoot pruning (VP). The main characteristics of the initial materials were: for the 

digestate, pH 8.8, 4.49 dS m
-1

 electrical conductivity (EC), 79.7 % organic matter (OM), 42.2% total organic carbon 

(CT) and 2.20% total nitrogen (NT); for VP, pH 6.6, 1.26 dS m
-1

 EC, 96.1% OM, 47.4% CT and 0.89% NT. The 

proportions of the raw materials in the mixtures on a fresh weight basis were the following: P1 (100% digestate), P2 

(90% digestate + 10% VP) and P3 (80% digestate + 20% VP). Additionally, in all the composting piles two 

additives were included: elemental sulphur at the rate of 0.2% (fresh weight basis) in order to reduce pH of the 

mixtures, and almond shell powder in the proportion of 1% (fresh weight basis) to increase the C/N ratio. The piles 

were turned twice, when the temperature started to decrease in order to improve both the homogeneity of the 

materials and the composting process. The moisture of the piles was controlled weekly by adding the necessary 

amount of water to keep the moisture at > 40 %, and the evolution of the temperature was monitored. The bio-
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oxidative phase of composting was considered finished when the temperature was close to the ambient and re-

heating did not occur. The air-blowing was then stopped to allow the composts to mature over a period of one 

month. The samples were taken by mixing seven subsamples from seven sites of the pile, from the whole profile 

(from the top to bottom of the pile). Each sample was divided into two parts, one of which was air-dried and ground 

to 0.5 mm for analysis and the other was immediately frozen and kept for the determination of NH4
+
-N. 

2.2            Analytical methods 

In the starting materials and the composting samples, EC and pH were analysed in a 1:10 (w/v) water-soluble 

extract. OM, ash, NT, CT, humic acid-like carbon (CHA) and water-soluble organic carbon (Cw) were determined 

according to Bustamante et al. (2008a) and the germination index (GI) was calculated using seeds of Lepidium 

sativum L. (Zucconi et al., 1981). Losses of OM and NT were calculated from the initial (X1) and final (X2) ash 

contents according to the equations of Paredes et al. (2000): 

OM-loss (%) = 100 – 100 [X1 (100 – X2)] / [(X2 (100 – X1)] 

NT-loss (%) = 100 – 100 [(X1N2) / (X2N1)] 

where N1 and N2  are the initial and final NT concentrations, respectively. 

 

3             RESULTS AND DISCUSSION 

3.1          Temperature evolution in the composting piles 

Temperature is one of the main parameters used to monitor the composting process, since its evolution is related to 

many of the biological reactions that take place. The temperature in all the piles showed a rapid increase at the 

beginning of the composting process, reaching values higher than 50 ºC in the first week, especially in piles P1 and 

P3 (Fig. 1). Throughout the composting process, though the evolution pattern of the temperature was similar in all 

the mixtures, pile P1 showed the greatest temperature values and during a longer period of time than the other piles. 

This fact reveals the effect of the different proportions of the bulking agent used (VP), which influenced the 

evolution of this parameter during composting. 
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FIGURE 1  Temperature profile of P1 [100% digestate], P2 [90% digestate + 10% VP] and P3 [80% 

digestate + 20% VP]. Arrows indicate turnings. 

 

3.2          Evolution of physico-chemical, chemical and biological parameters 

Organic matter degradation, reflected in organic matter losses, and nitrogen losses also displayed clear differences 

amongst piles that demonstrated the effect of the added co-substrate (Figs. 2a and 2b). The addition of the bulking 

agent slowed down the organic matter degradation throughout the composting process, reducing N losses. However, 

at the end of the process, all piles showed similar OM losses, between 58-60%, which indicates that VP addition 

decreased OM mineralisation rate during the early stage of the process due to the ligno-cellulosic character of VP, 
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which makes difficult the microbial attack during this phase of the composting process. Nitrogen losses also 

reflected the effect of the bulking agent addition, since the highest the proportion of VP was in the piles, the lowest 

were the nitrogen losses in the mixtures (Fig. 2b). 
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FIGURE 2  Evolution of the organic matter (a) and nitrogen losses (b) in P1 [100% digestate], P2 [90% 

digestate + 10% VP] and P3 [80% digestate + 20% VP].  

 
Table 1 shows the evolution of other physico-chemical and chemical parameters related to the 

composting process in the studied mixtures. In all piles, the initial pH values were high, due to the high proportion 

of digestate, a material with an alkaline character. However, pH values decreased in the piles throughout the 

composting process, probably due to the progressive oxidation of the elemental sulphur added to the mixtures (Roig 

et al., 2004). Nitrification process may also reduce pH values at the end of the process. 

 

TABLE 1 Evolution of some physico-chemical and chemical parameters during the composting process. 

Pile 1: 100% digestate 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 41.7 2.12 8.46 19.7 1.76 1.57 91.0 

11 40.3 2.56 7.75 15.8 1.30 1.60 92.5 

33 35.7 2.60 7.71 13.7 0.74 1.75 91.1 

67 36.3 3.06 7.15 11.9 0.63 1.55 93.7 

95 34.3 3.17 7.03 10.8 0.55 1.86 99.1 

131 32.4 3.12 6.92 10.4 0.53 1.70 97.5 

Pile 2: 90% digestate + 10% VP 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 42.1 1.92 8.37 21.9 1.74 1.78 78.2 

11 43.1 2.22 7.47 19.5 1.34 1.53 82.5 

33 39.2 2.59 7.52 15.2 0.68 1.58 91.8 

67 38.7 2.94 7.21 13.2 0.54 1.46 89.7 

95 36.0 3.09 7.17 11.6 0.56 1.75 92.7 

131 34.6 2.90 6.88 11.9 0.57 1.71 99.6 

Pile 3: 80% digestate + 20% VP 

Days CT (%) NT (%) pH C/N CW (%) CHA (%) GI (%) 

0 43.8 1.64 8.34 26.7 1.56 1.75 84.6 

11 43.3 1.96 7.57 22.1 1.42 1.41 82.4 

33 40.9 2.24 7.44 18.3 0.70 1.42 88.1 

67 40.7 2.56 7.31 15.9 0.50 1.32 97.0 

95 36.9 2.81 7.33 13.2 0.46 1.40 96.9 

131 37.9 2.83 7.02 13.4 0.50 1.62 97.1 

VP: vine shoot pruning. CT: total organic C; NT: total nitrogen; Cw: water-soluble C; CHA: humic acid-like C; 

GI: germination index.  

 

Organic matter degradation produced a fall of the C/N ratio, being the end-values reached close to 12 

(Table 1), which suggested that all the composts showed a good degree of maturity (Bernal et al., 2009). The water-



Technologies/systems for different manure and organic waste treatment options 
  

soluble organic C content (Cw) also decreased throughout the composting process in all the mixtures, mainly during 

the bio-oxidative phase, as a consequence of the degradation of simple, water-soluble organic compounds, such as 

sugars, amino acids and peptides. The Cw end-values reached were similar and close to 0.5%, value that fulfilled the 

limit values suggested by different authors to consider a compost sufficiently mature (Bernal et al., 2009). Humic 

acid-like C content (CHA) fell during composting in all the piles (Table 1), except in P1. This decrease during 

composting could be explained by the alkaline co-extraction and partial acid co-precipitation of incompletely or not 

humified components of organic matter (Iglesias Jiménez and Pérez García, 1992), such as polyphenols, compounds 

usually present in the grape processing wastes (Bustamante et al., 2008b). The germination index (GI) values 

increased in all the piles throughout the composting process (Table 1). However, the values were also high at the 

beginning of the process, which indicates the total absence of phytotoxicity in all the piles according to Zucconi et 

al. (1981). 

 

4              CONCLUSIONS 

Composting of digestate from the anaerobic digestion of cattle manure with and/or without vine shoot pruning 

constitutes a feasible treatment not only to recycle this type of wastes, but also to obtain composts that can be used 

as organic amendment due to their suitable degree of stability and maturity, as the evolution of different parameters 

(C/N ratio, Cw contents or the GI) have displayed. In addition, the use of a bulking agent (vine shoot pruning) in the 

mixture influenced the composting process, reducing nitrogen losses usually produced when manures or residues 

from manures are composted.  
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