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ABSTRACT 
This study proposes to evaluate the biodegradability of branches and leaves from 7 Mediterranean plants: palm tree, olive tree, cypress, 
pine, bay tree, mimosa and plane tree. The chemical approach to biodegradability of each sample has been compared to its biochemical 
composition. During the first 5 days, biodegradation kinetics can be divided into 2 prevalent stages: the first one with a slow rate and the 
second with a fast rate. The difference between these 2 stages is more dependent on the plant’s species than its different parts (leaves or 
branches). The study also confirms the role of lignin and the importance of granulometry in the biodegradation of green waste and the 
efficacy of the decomposing process in composting. 
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INTRODUCTION 
 
The biodegradability of green waste plays an important role 
in the composting process that converts organic matter into 
a useful product for �agricultural practices. The factors in-
fluencing the successful application of compost for agricul-
tural use are its stability and maturity (Thuriès et al. 2002; 
Pansu et al. 2003; Domeizel et al. 2004; Sánchez-Monedero 
et al. 2004; Goyal et al. 2005; Tognetti et al. 2007; Kalam-
dhad et al. 2008). Since the biodegradability of organic 
matter is the principal process involved in the bio-stabili-
zation of organic waste materials, compost stability often 
depends on the biodegradability of its components (Larré-
Larrouy 2006; Smid et al. 2008; Fernandes et al. 2009). 

Parameters influencing biodegradability are those in-
volved in the activity of micro-organisms: moisture, oxygen, 
temperature, pH, granulometry as well as the quantity and 
quality of the degradable organic matter (Robin 1997; Tuo-
mela et al. 2000; Ahtiainen et al. 2003; Komilis et al. 2005; 
Cayuela et al. 2006). Biodegradable compounds are natural 
organic compounds as opposed to human-made plastics for 
which no natural enzyme exists (Pagga 1998; Sawada 1998; 
Domenek et al. 2004). 

However, the kinetics of biodegradation is not the same 
for all natural compounds (Chantigny et al. 2002; Bahri et 
al. 2008; Francou et al. 2008; Lin et al. 2008; López Alva-
rez et al. 2009). For example, the scientific community 
agrees that lignin degradation occurs more slowly than the 
degradation of other compounds such as, hemicellulose 
and/or cellulose (Kononova 1966; Tuomela et al. 2000; de 
Guardia et al. 2002; Said-Pullicino et al. 2007). Granulo-
metry of the organic material, or the size of the fragments 
which determines the amount of contact area between en-
zymes and organic matter, significantly influences its bio-
degradability (Lhadi et al. 2006). All the previously cited 
parameters may play a role, alone or synergistically, ac-
cording to all possible combinations. 

Biodegrability can be determined via various methods. 
In the following sections, only a few references will be 
cited, partially. All of these methods are indirect and based 
on the micro-organisms activity. Some of them are in vivo 

tests where conditions are monitored but not controlled 
(Cayuela et al. 2006; Said-Pullicino et al. 2007; Kalambhad 
et al. 2008). Others are in vitro tests during which all para-
meters are controlled but the test conditions may differ from 
natural conditions (Vargas-García et al. 2007). However, 
there are some normalized methods (Ahtiainen et al. 2003). 
First, the concept of degradation kinetics primarily consists 
in defining biodegradability. Indeed, all materials which are 
biodegradable do so at different rates (of time). Studies were 
conducted over periods of 28, 60 or occasionally 90 days 
(Kusel et al. 1999; Miles et al. 2001). Biodegradation can 
be studied by (i) measuring the micro-organisms CO2 ex-
haust during the degradation process (Sturm 1973; Struijs et 
al. 1990; Musmeci et al. 1994; Boni et al. 1998; Srinivasan 
et al. 2000) or (ii) the amount of O2 consumed by the 
micro-organisms (Ianotti et al. 1994; Lasaridi et al. 2006; 
Lhadi et al. 2006). Monitoring the amount of CO2 produced 
during the biodegradation of organic matter is less efficient 
because a fraction of the CO2 is used by autotrophic micro-
organisms for their metabolism, which leads to an under-
estimation of the biodegradation process. On the other hand, 
when the measurement of oxygen consumption is chosen to 
study the biodegradability of organic matter, the nitrifica-
tion process can also lead to an underestimation of its bio-
degradation. A denitrifying agent can reduce this misleading 
production of nitrate. 

In order to (i) better understand green wastes degrada-
tion, (ii) evaluate the impact of green waste on the compos-
ting process, (iii) identify mixtures adapted to the compos-
ting process, and (iv) take into account industrial constraints, 
we propose to: 
� identify individual behavior of branches and leaves for 

7 plant species, that is to say 14 samples (species have 
been chosen because they are common species used in 
compost process in the South of France); 

� identify which compounds intrinsically influence the 
biodegradability of these 14 samples the most. 
In this study, the samples’ biodegradability was deter-

mined by measuring the mineralization rate of the amount 
of total organic carbon (TOC). 

To attain these objectives, the biochemical composition 
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and C/N ratio has been measured for each sample and 
compared with the TOC mineralization rate according to the 
work of other researchers (Robin 1997; Zmora-Nahum et al. 
2005; Alburquerque et al. 2006; Hernández et al. 2006). 
The organic material biochemical composition corresponds 
to the quantification of different fractions: soluble fractions, 
hemicellulose, cellulose and lignin-cutin fraction (Vansoest 
et al. 1963; Robin 1997; Müller et al. 1998; Namour et al. 
1998; Thuries et al. 2002; Pansu et al. 2003). The plant spe-
cies we have selected are representative of the Mediter-
ranean area: palm tree, olive tree, cypress, pine, bay tree, 
mimosa and plane tree (Annex). Many scientific studies, as 
previously noted, have addressed the biodegradation of 
green wastes in mixture, but only few studies have been 
carried out on the biodegradation of individual plant species, 
and especially on the difference between biodegradation of 
their branches and their leaves (Benitez et al. 2004; Don et 
al. 2005). 

 
MATERIALS AND METHODS 
 
Sampling 
 
Random samples were taken in a green waste compost plant 
located in the South of France. Samples were separated first into 
plant species; and then into leaves and branches. Samples were 
stored after drying at 40°C (+/- 1°C) and crushed to particle size of 
0.25 mm before analysis. All samples (1 kg per sample) from the 
compost plant were collected at once. Waste sampling was per-
formed immediately upon their transport to the compost plant, 
before crushing and before the biodegradation process began. 
Thus, the physical alteration that makes the identification of stu-
died species a rather complex process was avoided and the dif-
ferent components in the plants selected for sampling could be 
clearly identified. This way, samples representative of the different 
types of green waste could be collected. 

 
Biodegradability determination 
 
Biodegradability can be measured mainly using two kinds of 
methods: (i) automated methods based on the direct determination 
of carbon dioxide. (Boatman et al. 1986; Struijs et al. 1990; Buit-
ron et al. 1993; Saudeco-Castaneda et al. 1994; Spérandio et al. 
1997; Calmon et al. 2000; Komilis 2006; de Guardia et al. 2010), 
and (ii) methods monitoring the amount of O2 consumed by the 
micro-organisms via a simple and fast measurement of the pres-
sure drop induced by the oxygen consumption (Ianotti et al. 1994; 
Jackson et al. 1998; Lasaridi et al. 1998; Thibault et al. 2000; 
Adani et al. 2001; Miles et al. 2001). Techniques based on the 
direct monitoring of carbon dioxide emission, are not consistently 
reliable. For instance, micro-organisms such as autotrophic micro-
organisms use a fraction of the carbon dioxide (CO2) produced 
during the biodegradation of organic matter causing an underesti-
mation of the amount produced and, subsequently, an error in the 
biodegradability estimation. As for methods based on monitoring 
oxygen consumption, the nitrification process also causes an error 
in the estimation of the biodegradability of the analyzed samples. 
Nevertheless, the use of an anti-nitrifying agent, such as alkyl 
thiourea (ATU) or 2-chloro-6-(trichloromethyl)-pyridine (TCMP), 
which can block the bacteria responsible for nitrification without 
damaging the micro-organisms responsible for the carbon biodeg-
radation may be used to negate that effect. Thus, the amount of 
consumed O2 corresponds only to the biodegradation of organic 
carbon. 

While the currently employed techniques can eliminate or 
minimize the overestimation of oxygen consumption due to nitri-
fication, the underestimation of CO2 production cannot be quanti-
fied. Consequently, biodegradability determinations based on con-
sumed O2 are considered more reliable and more accurate than 
those based on CO2 (Lasaridi et al. 1998; Jackson et al. 1998; Thi-
bault et al. 2000; Adani et al. 2001). 

In this study, the biodegradability of our samples was deter-
mined by measuring the mineralization rate of the amount of total 
organic carbon. This measurement is based on the determination 
of O2 consumed by bacteria during the degradation of organic car-

bon. 
We used an Oxitop�OC110 a very commonly used instrument 

in biodegradability studies (Reuschenbach et al. 2003; Komilis et 
al. 2009; Nolan et al. 2011). With it, a reliable respirometric test 
for assessing the biodegradability of chemical compounds can be 
performed. de Guardia et al. (2010) showed that the respirometric 
quotient of organic wastes is between 0.9 and 1.2. 

The humidity was fixed at 50% and experiments occurred 
over a period of 28 days in a thermostated room at 20°C (Küsel et 
al. 1999). To be as close as possible to the microbiological com-
munity responsible for green waste degradation, the samples were 
seeded with a 10 day old green waste compost having a C/N ratio 
= 20, and rich in microbial activity. The compost sample used to 
study the biooxydation phase was collected in the same compos-
ting plant as the green waste samples analyzed. Each test consisted 
of mixing a quantity of matter (mass) extracted from this compost 
with a quantity of the studied sample so that the amount of total 
organic carbon contained in the studied sample exceeds 30% of 
the amount of total organic carbon contained in the compost used 
for seeding. 

Oxygen consumption was calculated from the recorded pres-
sure difference, using the principle of the ideal gas law, and logged 
separately for each respirometer. The pressure drop is a result of 
micro-organisms consuming oxygen to degrade organic material. 
The emission of CO2 resulting from the biodegradation process is 
trapped by soda pellets inside the Oxitop�OC110. Drimal et al. 
(2007) in their study of polymers and de Guardia et al. (2010) in 
waste studies proved that the CO2 emission and O2 production 
were likewise comparable. In agreement with previous results, the 
amount of CO2 emitted by a given sample can be calculated from 
the amount of O2 consumed by the sample according to the for-
mula below: 
 
mg of CO2 emitted = mg of O2 consumed * 44/32 

 
In this study, sample nitrification was tested by measuring the 

pressure drop inside the Oxitop�OC110 without soda pellets. The 
depression observed in the instrument is due to: (i) the biodegrada-
tion of organic carbon, which releases CO2 trapped by the soda 
pellets (causing the depression) and/or (ii) the nitrification pheno-
menon. The absence of soda pellets prevents any pressure drop 
inside the Oxitop�OC110 subsequent to the degradation of the 
total organic carbon, because the volume of O2 consumed by the 
micro-organisms is replaced by the CO2 which is not trapped by 
the soda pellets. This is not the case in the nitrification process 
where oxygen is consumed and nitrate does not produce gaseous 
emission. Therefore, despite the absence of soda pellets inside the 
Oxitop�OC110, a nitrification process, that has developed suffici-
ently, creates a pressure drop inside the Oxitop�OC110 due to the 
high consumption of oxygen utilized to produce nitrate. As no 
depression was observed in this study: nitrification was deemed 
negligible. This observation is consistent with our measurements 
of nitric nitrogen performed on green wastes during composting 
(data not shown). Actually, green waste nitrification increases sig-
nificantly after the 150th day of composting. Therefore, the use of 
a denitrifying agent was deemed unnecessary and the amount of 
oxygen consumed corresponds solely to the biodegradation of the 
amount of total organic carbon. 

The CO2 which should theoretically be released by the sample 
in the case of a complete oxidation of the carbon containing mate-
rial, noted mg ThCO2, is calculated using the following relation-
ship (Pagga 1998; Calmon et al. 2000): 
 
mg ThCO2 = mg C * 44/12 
 
where mg C is the quantity of total organic carbon present in the 
sample. 

The mineralization rate (Rm) of total organic carbon can be 
calculated for the sample using the following formula (Calmon et 
al. 2000): 
 
Rm = (mg CO2)*100 / mgCO2 theoretical 
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Analytical measurements 
 
Total organic carbon has been measured by TOC-meter (Shi-
madzu) and nitrogen by the Total Kjeldhal Nitrogen method (am-
monium measurement with an auto distillation analyzer after acid 
(H2SO4) digestion (ISO-11261)). 

 
Biochemical fractionation 
 
Biochemical fractionation of the organic matter (Van Soest et al. 
1963; Robin 1997; Thuries et al. 2002; Pansu et al. 2003) cor-
responds to a sequential fiber analysis (based on the successive 
solubilization of organic compounds) that has allowed us to obtain 
4 biochemical families, sorted from the least to the most soluble: 
soluble substances (SOL), hemicellulose-like substances (HEM), 
cellulose-like substances (CEL) and lignin/cutin-like substances 
(LIC) (Fig. 1). 
 
RESULTS AND DISCUSSION 
 
Degradation kinetics 
 
Among the 14 samples we have studied, 2 types of behavior 
can be distinguished based on the kinetics of their biodegra-
dation during the first 5 days rather than their Rm value 
after 28 days of incubation (Fig. 2). Seven samples had a 
slow degradation kinetics while the 7 others exhibited a 
rapid degradation kinetics. Discrimination is not observed 
between branches and leaves (Table 1) but rather between 
plant species. Our observations add up to very few pub-

lished studies describing such an evolution of the minerali-
zation kinetics. However, Komilis et al. (2009) showed that 
oxygen uptake was high during the first day of incubation 
of 6 composts analyzed for a four-day period and decreased 
in the second part of the experiment. Komilis (2006) stu-
died the biodegradation of grass, leaves, branches, papers 
and wastes. He showed that the low level of CO2 was due to 
the absence of a readily hydrolysable carbon fraction. When 
it was present, the hydrolysable fraction produced a high 
amount of CO2. Unlike the results obtained with the present 
study, he showed that branches which contain a low hydro-
lysable carbon fraction and produce a low quantity of CO2 
are less biodegradable than leaves. Thus, the more abundant 
the hydrolysable fraction is, the higher the biodegrability is. 
In contrast, our results show that biodegradability difference 
is mainly attributable to plant species (Table 2) more than 
organ (branches versus leaves). 

A statistical analysis based on values discrimination has 
been made in order to evaluate the impact of the bioche-
mical composition of each sample on its degradation kine-
tics (Table 2). Comparison has been made of: (i) kinetics 
during the first 5 days, (ii) sum of HEM+SOL+CEL and 
(iii) LIC. Samples with slow kinetics (slope class 1) appear 
to have a rich LIC content (class 2). On the contrary, when 
the kinetics is fast (slope class 2), the samples contain a 
high proportion of HEM+CEL+SOL. These observations 
can be explained by the nature of the samples that are easily 
biodegradable and less resistant to micro-organism attacks 
in soluble fractions, and in cellulose-like substances and 
hemicellulose-like substances (Said-Pullicino et al. 2007; 
Vargas-García et al. 2007) and by natural resistance of lig-
nin/cutin-like substances to the biodegradation (Tuomela et 
al. 2000; Komilis et al. 2003; Dignac et al. 2005). There-
fore, the presence in a given material of a significant amount 
of lignin/cutin-like substances slows down the activity of 
microorganisms at the beginning of the experiment, but 
does not inhibit completely their capacity for mineralization. 
According to our knowledge and the bibliographical survey 

Table 1 Degradation kinetics of studied green wastes. 
Plant species Rapid degradation kinetic 

between 0 and 5 days 
Low degradation kinetic 
between 0 and 5 days 

Bay tree  Leaves Branches 
Mimosa Branches and leaves  
Olive tree Branches and leaves  
Palm tree Branches and leaves  
Cypress  Branches and leaves 
Pine  Branches and needles 
Plane tree  Branches and leaves 
 
Table 2 Classification, according to values discrimination of 14 studied 
samples compared to: (i) kinetic slope in the first 5 days, (ii) soluble 
fraction (SOL), hemicellulose (HEM) and cellulose (CEL) and (iii) lignin 
(LIC). 
Green wastes Kinetic slope 

(classes) 
SOL+HEM+CEL 
(classes) 

LIC 
(classes) 

Branches 
Bay tree  1 1 2 
Cypress 1 1 2 
Mimosa 2 2 1 
Olive tree 2 2 1 
Palm tree 2 2 1 
Pine 1 1 2 
Plane tree 1 1 2 

Leaves 
Bay tree  2 2 1 
Cypress 1 1 2 
Mimosa 2 1 2 
Olive tree 2 2 1 
Palm tree 2 2 1 
Pine 1 2 1 
Plane tree 1 1 2 
(“1” reference represents the lower value and “2” the higher value). 

 

 
Fig. 1 Biochemical fractionation of organic matter according to the 
method of Van Soest and Wine (1963) (based on Robin 1997). SOL = 
100–NDForg; HEM = NDForg–ADForg; CEL = ADForg– ADLorg; LIC 
= ADLorg. 
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carried out for this study, this lag time during the first 5 
days of incubation has not previously been reported. 

In comparison to the results of Don et al. (2005), the 
mineralization rates (Rm) of total organic carbon calculated 
after 28 days of incubation show that all the 14 samples are 
poorly biodegradable. We observe that leaves are not more 
rapidly biodegradable than branches and they present a 
comparable biodegradability behavior with respect to bran-
ches except concerning the bay-tree for which biodegrada-
tion occurs faster for leaves than branches. These observa-
tions suggest a negligible impact of the nature of the sam-
ples studied on their rate of mineralization. This result is in 
contradiction with those of de Guardia et al. (2002) who 
observed that the leaves, more nitrogen-rich than branches, 
are more biodegradable. 

A particular attention is brought to the palm tree for 
which the laboratory study contradicts the observations 
made in the composting plant (results not shown): it showed 
a high biodegradability mineralization rate during labora-
tory tests while in an open air windrow, fragments of palm 
trees remained intact and were not biodegraded faster than 
other species. The differences observed between the 2 trials 
(composting plant and laboratory) can be explained by the 
optimum conditions selected in the laboratory. Ahtiainen et 
al. (2003) have shown that batch studies induce a different 
behavior of micro-organisms when samples are combined 
with carbon. The lack of carbon in substrate and thus the 
lack of an energy source in the natural conditions elicit the 
development of a different population of decomposers. The 
mesh of grinding in the composting plant, which is larger 
than the one chosen for the batch study, may also explain 
the difference observed, thus confirming the role of the par-
ticle size in the kinetics of degradation, a parameter that 
may explain different behaviors. 

The degradation kinetics of pine needles exhibits an 

atypical response in our statistical study. The sum of SOL + 
CEL + HEM fractions corresponds quantitatively to the 
most important class (class 2), despite the slow degradation 
kinetics during the 5 first days (class 1). This result may be 
explained by the presence of aromatic compounds in need-
les as Don et al. (2005) also demonstrated. The study con-
ducted by Don et al. (2005) on dissolved organic matter 
present in litter collected under maple, beech, ash, pine and 
spruce trees has shown that biodegradability is different 
depending on the species. In particular, it is increasingly 
important in the order: maple, beech, ash, spruce and pine. 
The quality and quantity of dissolved organic matter is also 
different according to the litter type. Regarding the extracts 
of pine needles, the authors explain the presence of dis-
solved organic carbon in quantities smaller than in the ex-
tracts of leaves is mainly due to the thick protective epider-
mic and hypodermic layer on needles. Although extracted 
in the fractions HEM+SOL+CEL, these organic compounds 
are less soluble in aqueous medium and therefore are less 
bioavailable for micro-organisms. Their biodegradation will 
be slowed down even more. Sequential analysis of fibers is 
based on the extraction procedure. It is difficult to identify 
with precision what kind of compounds have been extracted 
(Thuries et al. 2002). So, even if the protocol extraction is 
the same, extracted compounds depend on the initial sample 
composition. Concerning pine needles, it can be supposed 
that their biomaterials can easily be biodegraded into che-
mical compounds, particularly due to micro-organisms that 
degrade pine needles easily in natural conditions. 

 
Comparing the mineralization rates and other 
parameters 
 
The comparison of the mineralization rates (Rm) of the 
green wastes studied with their C to N ratio and biochemi-

 
Fig. 2 Time evolution of mineralization rate (Rm) of 7 samples with rapid (A) and slow (B) degradation kinetics between initial time and 5 days 
mineralization. 

A 

B 
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cal compositions, as well as statistical studies such as 
ANOVA, ANCOVA and multiple linear regression method 
were used to identify the concentrations of lignin/cutin-like 
substances as the main parameter influencing Rm. The C to 
N ratio and the quantities of soluble fraction, hemicellulose-
like and cellulose-like substances, have been identified as 
the factors impacting Rm the least (results not shown, Kha-
lil 2005). The work carried out has shown that the high 
levels of lignin/cutin-like substances present in the green 
waste studied (> 11.6% of the dry matter) explain the low 
rates of mineralization observed (<15% of total organic car-
bon). This result is in agreement with other studies (Argyro-
poulos et al. 1997; Robin 1997; Sánchez-Monedero et al. 
2001; Komilis et al. 2003). The differences in lignin con-
tents from one sample to another largely explain the varia-
tions observed in the mineralization rates. The linear regres-
sion presented in Fig. 3 shows that Rm for the 14 studied 
samples is negatively correlated with their lignin content. 
This result confirms those of Robin (1997) who showed that 
the mineralization rate of a green waste with a content of 
lignin/cutin-like substances higher than 7% DM, can be 
estimated from its initial content of lignin. 
 
CONCLUSION 
 
Our study of green waste’s biodegradability has confirmed 
the role of lignin on biodegradability, especially as a mode-
rator of the biodegradation process. In this context, a better 
understanding of the green wastes and, in particular, better 
knowledge of their biodegradability can provide additional 
information to assist waste management. One underlying 
aim is to provide knowledge of blends of plant species and 
crushing sizes to optimize the composting practices. After 
composting and along the soil valorization process, it has 
been assumed that organic matter stabilization results not 
only from a decrease of the readily biodegradable fraction 
such as cellulose and hemicellulose but also from the rela-
tive increase of resistant compounds from the initial wastes 
(lignin for example) and from the microbial activity and 
humification. 

Biodegradability has been studied here in the context of 
optimal conditions of degradation. Of course, this choice 
does not reflect the reality in the composting-industrial-pro-
cess. The importance of crushing in in vitro study irrepa-
rably sends the reader back to the role of the waste parti-
cles’ size in biodegradation, as illustrated in a study by 
Lhadi et al. (2006) showing the role of waste granulometry 
on the product quality with an increase of aromatic struc-
tures in presence of small fragments. All experimental con-
ditions have remained the same throughout the study. 

Therefore, the biodegradability results obtained in this con-
text may be relevantly used on a composting platform. 
 
ACKNOWLEDGEMENTS 
 
The authors wish to thank Laurent Vassalo and Robert Di Rocco 
for their technical participation in this work. We are also grateful 
to the ADEME “Agence De l’Environnement et de la Maîtrise de 
l’Energie”, the regional council and the compost production com-
pany “Les Graviers” for their financial participation in this work, 
as well as, Meredith Charpantier and Valère Lounnas for their 
assistance with editing the English syntax and grammar. 
 
REFERENCES 
 
Adani F, Lozzi P, Genevini P (2001) Determination of biological stability by 

oxygen uptake on municipal solid waste and derived products. Compost Sci-
ence and Utilization 9 (2), 163-178 

Ahtiainen J, Aalto M, Pessala P (2003) Biodegradation of chemicals in a stan-
dardized test and in environmental conditions. Chemosphere 51 (6), 529-537 

Alburquerque JA, Gonzálvez J, García D, Cegarra J (2006) Measuring de-
toxification and maturity in compost made from "alperujo", the solid by-
product of extracting olive oil by the two-phase centrifugation system. Che-
mosphere 64 (3), 470-477 

Argyropoulos DS, Menachem SB (1997) Lignin. In: Advances in Biochemical 
Engineering Biotechnology. Biotechnology in the Pulp and Paper Industry, 
Springer-Verlag, Berlin, Germany, pp 127-158 

Bahri H, Rasse DP, Rumpel C, Dignac MF, Bardoux G, Mariotti A (2008) 
Lignin degradation during a laboratory incubation followed by 13C isotope 
analysis. Soil Biology and Biochemistry 40 (7), 1916-1922 

Benitez JJ, Garcia-Segura R, Heredia A (2004) Plant biopolyester cutin: A 
tough way to its chemical synthesis. Biochimica et Biophysica Acta (BBA)-
General Subjects 1674 (1), 1-3 

Boatman RJ, Cunningham SL, Ziegler DA (1986) A method for measuring 
the biodegradation of organic chemicals. Environmental Toxicology and Che-
mistry 5, 233-243 

Boni MR, Musmeci L (1998) Organic fraction of municipal solid waste 
(OFMSW): Extent of biodegradation. Waste Management Research 16 (2), 
103-107 

Buitron G, Koefed A, Capdeville B (1993) Control of phenol biodegradation 
by using CO2 evolution rate (CER) as an activity indicator. Environmental 
Technology 14, 227-236 

Calmon A, Dusserre-Bresson L, Bellon-Maurel V, Feuilloley P, Silvestre F 
(2000) An automated test for measuring polymer biodegradation. Chemo-
sphere 41, 645-651 

Cayuela ML, Sánchez-Monedero MA, Roig A (2006) Evaluation of two dif-
ferent aeration systems for composting two-phase olive mill wastes. Process 
Biochemistry 41 (3), 616-623 

Chantigny MH, Angers DA, Rochette P (2002) Fate of carbon and nitrogen 
from animal manure and crop residues in wet and cold soils. Soil Biology and 
Biochemistry 34, 509-517 

de Guardia A, Brunet S, Rogeau D, Matejka G (2002) Fractionation and cha-
racterisation of dissolved organic matter from composting green wastes. Bio-
resource Technology 83, 181-187 

 
Fig. 3 Relationship between the mineralization rate (Rm) of the 14 samples of green waste and their lignin (LIC) content expressed as percents of dry 
matter (DM). 

102



Dynamic Soil, Dynamic Plant 5 (Special Issue 2), 98-103 ©2011 Global Science Books 

 

de Guardia A, Mallard P, Teglia C, Marin A, Le Pape C, Launay M, 
Benoist JC, Petiot C (2010) Comparison of five organic wastes regarding 
their behaviour during composting: Part 1, biodegradability, stabilization 
kinetics and temperature rise. Waste Management 30 (3), 402-414 

Dignac MF, Houot S, Francou C, Derenne S (2005) Pyrolytic study of com-
post and waste organic matter. Organic Geochemistry 36 (7), 1054-1071 

Domeizel M, Khalil A, Prudent P (2004) UV spectroscopy: A tool for moni-
toring humification and for proposing an index of the maturity of compost. 
Bioresource Technology 94, 177-184 

Domenek S, Feuilloley P, Gratraud J, Morel MH, Guilbert S (2004) Biodeg-
radability of wheat gluten based bioplastics. Chemosphere 54 (4), 551-559 

Don A, Kalbitz K (2005) Amounts and degradability of dissolved organic car-
bon from foliar litter at different decomposition stages. Soil Biology and Bio-
chemistry 37 (12), 2171-2179 

D�ímal P, Hoffmann J, Martin Družbík M (2007).Evaluating the aerobic bio-
degradability of plastics in soil environments through GC and IR analysis of 
gaseous phase. Polymer Testing 26 (6), 729-741 

Fernandes TV, Klaasse Bos GJ, Zeeman G, Sanders JPM, van Lier JB 
(2009) Effects of thermo-chemical pre-treatment on anaerobic biodegradabil-
ity and hydrolysis of lignocellulosic biomass. Bioresource Technology 100, 
2575-2579 

Francou C, Linères M, Derenne S, Le Villio-Poitrenaud M, Houot S (2008) 
Influence of green waste, biowaste and paper–cardboard initial ratios on or-
ganic matter transformations during composting. Bioresource Technology 99 
(18), 8926-8934 

Goyal S, Dhull SK, Kapoor KK (2005) Chemical and biological changes 
during composting of different organic wastes and assessment of compost 
maturity. Bioresource Technology 96 (14), 1584-1591 

Hernández T, Masciandaro G, Moreno JI, García C (2006) Changes in 
organic matter composition during composting of two digested sewage slud-
ges. Waste Management 26 (12), 1370-1376 

Ianotti DA, Grebus ME, Toth BL, Madden LV, Hoitink HAJ (1994) Oxygen 
respirometry to asses stability and maturity of composted municipal solid 
waste. Journal of Environmental Quality 23, 1177-1183 

Jackson MJ, Line MA (1998) Assessment of periodic turning as an aeration 
mechanism for pulp and paper mill sludge composting. Waste Management 
Research 16 (4), 312-319 

Kalamdhad Ajay S, Muneer P, Kazmi AA (2008) Stability evaluation of com-
post by respiration techniques in a rotary drum composter. Resource Conser-
vation and Recycling 52 (5), 829-834 

Khalil A (2005) Contribution à l’étude et à la modélisation des mécanismes de 
dégradation et d’humification de divers déchets verts au cours du compostage. 
PhD thesis, Université de Provence Aix-Marseille I, 217 pp 

Komilis DP, Ham RK (2003) The effect of lignin and sugars to the aerobic de-
composition of solid wastes. Waste Management 23, 419-423 

Komilis DP (2006) A kinetic analysis of solid waste composting at optimal con-
ditions. Waste Management 26 (1), 82-91 

Komilis DP, Tziouvaras IS (2009) A statistical analysis to assess the maturity 
and stability of six composts. Waste Management 29 (5), 1504-1513 

Kononova MM (1966) Soil Organic Matter: Its Nature, its Role in Soil Forma-
tion, Soil Fertility, Pergamon, Oxford, 544 pp 

Küsel K, Drake HL (1999) Microbial turnover of low molecular weight orga-
nic acids during leaf litter decomposition. Soil Biology and Biochemistry 31, 
107-118 

Larré-Larrouy MC, Thuriès L (2006) Does the methoxyl group content of the 
humic acid-like fraction of composts provide a criterion to evaluate their 
maturity? Soil Biology and Biochemistry 38 (9), 2976-297 

Lasaridi KE, Stentiford EI (1998) A simple respirometric technique for asses-
sing compost stability. Water Research 32 (12), 3717-3723 

Lasaridi K, Protopapa I, Kotsou M, Pilidis G, Manios T, Kyriacou A (2006) 
Quality assessment of composts in the Greek market: The need for standards 
and quality assurance. Journal of Environmental Management 80 (1), 58-65 

Lhadi EK, Tazi H, Aylaj M, Genevini PL, Adani F (2006) Organic matter 
evolution during co-composting of the organic fraction of municipal waste 
and poultry manure. Bioresource Technology 97 (16), 2117-2123 

Lin CC, Arun AB, Rekha PD, Young CC (2008) Application of wastewater 
from paper and food seasoning industries with green manure to increase soil 
organic carbon: A laboratory study. Bioresource Technology 99, 6190-6197 

López Alvarez JV, Aguilar Larrucea M, Arraiza Bermúdez P, León Chicote 
B (2009) Biodegradation of paper waste under controlled composting condi-
tions. Waste Management 29 (5), 1514-1519 

Miles RA, Doucette WJ (2001) Assessing the aerobic biodegradability of 14 
hydrocarbons in two soils using a simple microcosm/respiration method. 
Chemosphere 45 (6-7), 1085-1090 

Müller DW, Fricke DK, Vogtmann PDH (1998) Biodegradation of organic 
matter during mechanical biological treatment of MSW. Compost Science 
and Utilization 6 (3), 42-52 

Musmeci L, Gucci PMB, Volterra L (1994) Paper as reference material in 
Sturm applies to insoluble substances. Environmental Toxicology and Water 
Quality 9, 83-86 

Namour P, Müller MC (1998) Fractionation of organic matter from waste-
water treatment plants before and after a 21-day biodegradability test: A phy-
sical-chemical method for measurement of the refractory part of effluents. 
Water Research 32 (7), 2224-2231 

Nolan T, Troy SM, Healy MG, Kwapinski W, Leahy JJ, Lawlor PG (2011) 
Characterization of compost produced from separated pig manure and a vari-
ety of bulking agents at low initial C/N ratios. Bioresource Technology 102 
(14), 7131-7138 

Pagga U (1998) Biodegradability and compostability of polymeric materials in 
the context of the European packaging regulation. Polymer Degradation and 
Stability 59 (1-3), 371-376 

Pansu M, Thuriès L, Larré-Larrouy MC, Bottner P (2003) Predicting N 
transformations from organic inputs in soil in relation to incubation time and 
biochemical composition. Soil Biology and Biochemistry 35 (3), 353-363 

Reuschenbach P, Pagga U, Strotmann U (2003) A critical comparison of res-
pirometric biodegradation tests based on OECD 301 and related test methods. 
Water Research 37 (7), 1571-1582 

Robin D (1997) Intérêt de la caractérisation biochimique pour l'évaluation de la 
proportion de matière organique stable après décomposition dans le sol et la 
classification des produits organominéraux. Agronomie 17, 157-171 

Said-Pullicino D, Gigliotti G (2007) Oxidative biodegradation of dissolved 
organic matter during composting. Chemosphere 68 (6), 1030-1040 

Sánchez-Monedero MA, Roig A, Paredes C, Bernal MP (2001) Nitrogen 
transformation during organic waste composting by the Rutgers system and 
its effects on pH, EC and maturity of the composting mixtures. Bioresource 
Technology 78 (3), 301-308 

Sánchez-Monedero MA, Mondini C, De Nobili M, Leita L, Roig A (2004) 
Land application of biosolids. Soil response to different stabilization degree 
of the treated organic matter. Waste Management 24 (4), 325-332 

Saudeco-Castaneda G, Trejo-Hernández MR (1994) One-line monitoring and 
control systems for CO2 and O2 in aerobic and anaerobic solid state fermenta-
tions. Process Biochemistry 29 (1), 13-24 

Sawada H (1998) ISO standard activities in standardization of biodegradability 
of plastics: Development of test methods and definitions. Polymer Degrada-
tion and Stability 59 (1-3), 365-370 

Smid E, Meissl K, Schmutzer M, Hinterstoisser B (2008) Co-composting of 
lignin to build up humic substances - Strategies in waste management to im-
prove compost quality. Industrial Crops and products 27 (2), 196-201 

Spérandio M, Paul E (1997) Determination of carbon dioxide evolution rate 
using on-line gas analysis during dynamic biodegradation experiments. Bio-
technology and Bioengineering 53, 243-252 

Srinivasan PT, Viraraghavan T (2000) An analysis of the 'Modified Sturm 
Test' data. Chemosphere 40, 99-102 

Struijs J, Stoltenkamp J (1990) Headspace determination of evolved carbon 
dioxide in a biodegradability screening test. Ecotoxicology and Environment 
Safety 19, 204-211 

Sturm RN (1973) Biodegradability of nonionic surfactants: Screening test for 
predicting rate and ultimate biodegradation. Journal Oil Chemistry Society 
50, 159-167 

Thibault J, Pouliot K, Agosin E, Perez-Correa R (2000) Reassessment of the 
estimation of dissolved oxygen concentration profile and Kla in solid-state 
fermentation. Process Biochemistry 36 (1-2), 9-18 

Thuriès L, Pansu M, Larré-Larrouy MC, Feller C (2002) Biochemical com-
position and mineralization kinetics of organic inputs in a sandy soil. Soil 
Biology and Biochemistry 34 (2), 239-250 

Tognetti C, Mazzarino MJ, Laos F (2007) Improving the quality of municipal 
organic waste compost. Bioresource Technology 98 (5), 1067-1076 

Tuomela M, Vikman M, Hatakka A, Itävaara M (2000) Biodegradation of 
lignin in a compost environment: A review. Bioresource Technology 72, 169-
183 

VanSoest PJ, Wine RJ (1963) Use of detergents in the analysis of fibrous feeds. 
VI. Determination of plant cell constituents. Journal of Chemistry 50, 50-55 

Vargas-García MC, Suárez-Estrella F, López MJ, Moreno J (2007) Effect of 
inoculation in composting processes: Modifications in lignocellulosic frac-
tion. Waste Management 27 (9), 1099-1107 

Zmora-Nahum S, Markovitch O, Tarchitzky J, Chen Y (2005) Dissolved 
organic carbon (DOC) as a parameter of compost maturity. Soil Biology and 
Biochemistry 37 (11), 2109-2116 

 
 Annex Common and Latin names of plants studied.

Common name Latin name 
Bay tree Nerium oleander 
Cypress Cupressus sempervirens 
Mimosa Acacia dealbata 
Olive tree Olea europea 

Annex�(cont.) 
Common name Latin name 
Palm tree Phoenix canariensis 
Pine Pinus sylvestris 
Plane tree Platanus X hispanicus 
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