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Abstract

Different spectroscopy methods were used to monitor the composting process, evaluate the 
degradation rate and thus, determine the maturity of the composts obtained. Methods to assess 
compost maturity are needed in order to assure optimal benefi ts with the application of composted 
materials to lands. The aim of the present research is to evaluate the maturity degree reached by 
different compost elaborated with rabbit and goat manure by means of carbon-13 nuclear magnetic 
resonance (13C-NMR) coupled with cross-polarization magic-angle spinning (CPMAS). The 
technique of nuclear magnetic resonance spectroscopy with cross-polarization and magic-angle 
spinning (13C CPMAS NMR) is suitable for characterizing directly the main organic composition of 
complex, insoluble samples as dry powders (Cook, 2004; Deur, 2002).

In this study, changes in the organic matter were produced, as it was shown in an increase in the 
aliphatic C and carboxyl groups, a decrease in the phenolic groups and total aromaticity, as well 
as a decline in the polysaccharide levels. From the obtained results, it may be concluded that
13C CPMAS NMR could be used to improve the characterization of organic matter changes during 
the composting process (Inbar, 1992).
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Introduction
Composting is becoming an environmentally friendly and economical alternative method 
for treating solid organic waste, as winery and distillery residues (Marhuenda-Egea 
et al., 2007). The composition of the organic matter in soils or waste materials is very 
complex due to the wide range of chemical compounds and the variety of decomposed 
and synthesized products. Maturity compost consists of stable organic matter, water, 
minerals, and ash. Consequently the composting process directly involves the changes 
of the chemical composition and physico-chemical parameters of the composting mixture, 
and can be controlled by spectral methods (Smidt et al., 2005).

Solid-state 13C nuclear magnetic resonance spectroscopy with cross-polarization and 
magic-angle spinning (CPMAS NMR) allows one to obtain information directly and non-
destructively on the carbon components of the entire sample without any chemical or 
physical fractionation, and is well suited to the characterization of natural organic matter 
(Preston, 1996; Cook, 2004). This technique can be used to detect and even quantify the 
amounts of carbohydrates, alkyl, aromatic or carboxyl carbons for diverse solid samples 
(Almendros et al., 1991; Inbar et al., 1992). These studies suggest the accumulation of 
relatively recalcitrant aliphatic polyesters, such as cutins, suberins and other little known 
carbohydrate-polyalkyl macromolecules in higher plants (Nip et al., 1987).

The objective of the present research was to carefully examine the organic matter 
transformation during the composting process of fresh winery and distillery residues 
(WDR), with the aim of establishing some analytical parameters suitable for estimating 
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the degree of compost maturity and stability. The progress of the composting process was 
evaluated by solid-state 13C NMR spectroscopy. 

Materials and methods
Composting procedure

Three different piles (P1, P2 and P3) were elaborated using WDR (grape marc (GM) 
and exhausted grape marc (EGM)), and two organic wastes (cattle manure (CM) and 
poultry manure (PM)), as nitrogen source. The mixtures were prepared in the following 
proportions, on a fresh weight basis (dry weight basis in brackets): 

- Pile 1: 70 % (76) EGM + 30 % (24) CM
- Pile 2: 70 % (72) GM + 30 % (28) CM
- Pile 3: 70 % (71) EGM + 30 % (29) PM

The mixtures (about 140 kg each) were composted, using natural aeration, in domestic 
thermo-composter (85 cm high with a 70 x 70 cm base and a 350 L volume). Compost 
piles were turned over, when the temperature decreased, to improve both homogeneity 
and the composting process. The bio-oxidative phase of composting was considered 
fi nished when the temperature of the pile was stable and near to that of the surrounding 
atmosphere. Then, the piles were allowed to mature for two extra months. The moisture of 
the piles was maintained above 40% by adding the appropriate amount of water. Samples 
were collected every week throughout the composting process, by mixing subsamples 
coming from seven different zones of the piles.

Sample preparation and solid-state 13C NMR spectroscopy

Samples were air-dried, ground in an agate mill, then sieved through a 0.125 mm mesh, 
and milled again with an agate mortar. Cross-Polarization Magic Angle Spinning Carbon-13
Nuclear Magnetic Resonance (CPMAS 13C-NMR) experiments were performed on a 
BRUKER AVANCE DRX500 operating at 125.75 MHz for 13C (Smernik et al., 2002).

Results and discussion
The CP-MAS 13C-NMR spectra show several main peaks in the initial samples: 173, 153, 
145, 130, 118, 105, 72, 63, 57, 33 and 30 ppm (Figure 1). A shoulder appears around
25 ppm that could be assigned to acetyl methyl groups in hemicellulose. Peaks at 33 and 
30 ppm correspond to chemical shifts that could be assigned to methylene carbons in 
alkyl chains (from suberin or suberin) and polypeptides and to CH3 groups of acetyl groups 
attached to aliphatic structures (Vane et al., 2006).

The peak that appears around 56 ppm is traditionally assigned to O-CH3 groups in lignin 
(phenolmethoxyl of coniferyl and sinapyl moieties) and in hemicellulose (glucoronic acid 
in xylan) (Gómez et al., 2007) and to Cα carbons of polypeptides. Signals around 72 to 
74 ppm are due to C2, C3, and C5 of cellulose and hemicellulose (secondary carbinol 
carbons). Peaks at 83 and 88 ppm are due to noncrystalline and crystalline components 
of C4 and the peak at centred around 105 ppm to anomeric C1 of glucose fragment in a 
carbohydrate. Signals derived from hemicellulose are contained within the cellulose peaks. 
This chemical shift has also been assigned to different carbons of lignin-type moieties: The 
C2 carbons of both guaiacyl and syringyl lignin structures and the C6 carbon of syringyl 
units. This peak is also attributed to quaternary aromatic carbons in tannins. The region of 
the spectrum between 110 ppm and 170 ppm can be divided in two sub-regions: the fi rst 
region between 110-140 ppm is attributed to unsubstituted aromatic C and C-substituted 
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aromatic carbons (Almendros et al., 1991). The second region between 140-160 ppm 
is assigned to aromatic carbons linked to O or N. The fi rst region exhibits well-defi ned 
peaks at 115 and 130 ppm (Inbar, 1992). The peak at about 115 ppm is assigned to 
aromatic C that are ortho or para to oxygen-substituted aromatic C from lignin or lignin-
derived products (Inbar, 1992). The peak that appears around 130 ppm is characteristic of 
unsubstituted aromatic C, including C1 quaternary carbons of syringyl and guaiacyl lignin 
units and the C6 carbon of guaiacyl. The second sub-region between 140-160 ppm shows 
peaks that are traditionally assigned to lignin or tannins. The peak centered at 145 ppm is 
attributed to methoxy-substituted or hydroxy-substituted phenyl C (Inbar, 1992). The peak 
at 155 ppm is assigned to oxygen-substituted aromatic C, including both C-OCH3 and 
C-OH groups. This peak could also be assigned to C4 carbons of guaiacyl units involved 
in ether linkages to Cβ of adjacent lignin units. The peak centered at 172 ppm in the
13C CP-MAS spectrum is assigned to carbonyl/carboxyl carbons of ester and amides 
groups (Inbar, 1992).

Figure 1. Solid-state 13C NMR spectra of the initial sample and the fi nal of the compost for the Pile 1

13C NMR spectroscopy displayed a preferential biodegradation of carbohydrates as well as 
an accumulation of aliphatic chains (cutin- and protein-like) (Figure 1). On the basis of this 
study it may be concluded that CPMAS 13C-NMR could provide information signifi cantly 
correlated to conventional chemical parameters of compost maturity.
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