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1 INTRODUCTION 

Anaerobic digestion is a natural biological process which allows the degradation of organic matter in anoxic, 

temperature and pH conditions by a bacterial consortium and leads to a production of biogas mainly composed of 

carbon dioxide and methane (Appels et al., 2008). This process follows four major steps: hydrolysis, acidogenesis, 

acetogenesis and methanogenesis. The step which is often considered as the rate-limiting step of the overall process 

is the organic matter hydrolysis (Bougrier et al., 2008). In order to improve the methanisation process many 

pretreatments approaches were led on waste, especially on waste activated sludge. The main aim of these 

pretreatments is to solubilise matter and enhance the biodegradability (Mosier et al., 2005; Motter et al., 2009). 

The main obstacle to use lignocellulosic materials for anaerobic digestion is its low digestibility due to 

the close link between their components: cellulose, hemicellulose and lignin. It is well known that lignin content 

significantly impacts enzymatic hydrolysis of lignocellulosic biomass (Mussato et al., 2008). Different authors have 

shown that biomass digestibility is enhanced by decreasing its lignin and/or hemicellulose content (Zhu et al., 

2008;Hendriks and Zeeman, 2008). Therefore pretreatments are necessary to modify lignocellulosic structure, 

solubilize and/or degrade its different components, and improve biomass digestibility at the subsequent enzymatic 

hydrolysis step (Mussato et al., 2008, Rosgaard et al., 2007). 

The different alternatives carried out for lignocellulosic residue pretreatment involve the use of physical, 

chemical, physicochemical and/or biological methods, e.g. steam explosion, hot water extraction (Silverstein et al., 

2007), sulfuric acid, sodium hydroxide, hydrogen peroxide, peracetic acid, ozonolysis (Zhao et al., 2008; Sendich et 

al., 2008), ammonia fiber explosion, AFEX (Teymori et al., 2005; Sun and Chen, 2008) and wet oxidation 

(Rosgaard et al., 2007; Sun and Cheng, 2002). 

The objective of this study is to demonstrate the effects of microwave pretreatments on cellulose, 

lignocellulosic compounds, especially straw as model, and  determine the influence of process parameters on the 

microwave pretreatment of straw to improve anaerobic digestion. 

 

2 MATERIALS AND METHODS 

2.1  Raw materials and sample preparation 

Several samples of straw were obtained at the farm “LaSalle Beauvais”. The humidity amount is around 9%.  

Before pretreatments, straw was either cut in pieces of 1 cm or grinded during 30 seconds with a knives 

mill Grindomix model GM200 (Retsche, Newton, PA), with blades spinning at 5,000 rpm. 

Samples for pretreatment were composed by 1g of cut or grinded straw and 40 mL of distilled water. 

2.2  Biochemical Methane Potential (BMP) 

The methane potential assays with the straw were prepared according to the Biochemical Methane Potential (BMP) 

assay for wastewater. The inoculum (pig manure) was starved for 48 hours prior to the start-up of the assays, by 

being incubated at 35°C and 100 rpm agitation with no substrate. 

The bottles were prepared anaerobically in duplicates in 500 mL serum bottles and filled under a constant 
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nitrogen flow. 

Each bottle received 20 grams of inoculum, 6 mL of complemented media, 4 mL of bicarbonate buffer 

and 0.5 mL of reducing agent. The amount of substrate added was 5 grams of straw treated with 40 ml of distilled 

water in microwave. The volume of the bottles was completed at 100 mL with dilution water. 

The amount of substrate added was or 1 gram of straw treated with 200 mL of distilled water in ozonator. 

The bottles were incubated at 35°C with an agitation of 100 rpm. Control bottles were prepared to allow the removal 

of endogenous methane production from the assays. The control bottles were identical to the test bottles, excepted 

that straw suspensions were replaced with the same volume of desoxygenated water. The assays were conducted 

until the methane production became negligible (< 3 mL CH4/day) as performed elsewhere . 

2.3  Analyses 

To evaluate the physico-chemical changes in samples, measurement of soluble chemical organic demand (sCOD) 

were determined. Soluble Chemical Oxygen Demand (sCOD) is measured with COD kit and spectrophotometer 

(Spectroflex 6100, WTW, Germany). The sCOD of the sample composed by straw and distilled water, before the 

microwave pretreatment is equal to 0. To determinate the solubilization ratio of matter, sCOD were compared to the 

total chemical organic demand (tCOD) by the following formula:  

 

COD Solubilization = (sCOD after microwave treatment / tCOD of raw matter) * 100 

  

 The biogas production was measured in the serum bottles with a water-displacement system. After 

equilibrium of the bottle headspace to 1 atm, a gas sample (0.5 mL) was taken with a gas-tight syringe (Hamilton, 

Reno, USA) and analyzed for H2, N2, CH4 and CO2 by gas chromatography (GC). The GC was a Agilent (Agilent 

Technologies, Wilmington, USA) coupled to a catharometric detector (TCD). The gas sample was injected and 

segregated on 3 columns for separation of H2, N2, CH4 and CO2. The columns were heated at 50°C and 70°C during 

the analysis. Argon was used as carrier gas.  

2.4  Pretreatments 

Samples were irradiated in a closed-vessel microwave accelerated reaction systeme (MARS Xpress, CEM µWaves, 

USA) which run at 2450 MHz, the power range is between 400 and 1600 W, the maximum temperature and 

pressure are respectively 260°C and 33 bars. It is equipped with a turning carousel, a maximum of 12 vessels (XP-

1500) of 100 mL each, and pressure and temperature probes. When target temperature was reached, the temperature 

was hold during a specify time, then cooled down until 90°C. The liquid and solid fractions of samples were 

collected and separated by centrifugation at 10,000g for 10 minutes in a centrifuge (Eppendorf) and then stored at 

4°C.  

Chemical treatments are carried out with NaOH 0.1 N and HCl 0.1 N at room temperature. 

 

3 RESULTS AND DISCUSSION 

3.1 Solubilisation rate 

The goal of this first part is to define the effects of microwave pretreatment on matter solubilization and to study the 

efficiency of temperature. The sCOD of the sample composed by straw and distilled water, before the microwave 

pretreatment is equal to 0. To determinate the solubilization ratio of matter, sCOD were compared to the total 

chemical organic demand (tCOD) by the following equation: 

 

COD Solubilization = (sCOD after microwave treatment / tCOD of raw matter) * 100 

 

The sCOD/tCOD ratio are respectively equal to 9.4 ; 9.3 ; 10.3 ; 10.8 ; 12.0 ; 13.8 % for the following 

temperature values : 90, 105, 120, 135, 150 and 180°C. 

As expected, the results of solubilization rate are correlated as function of temperature. The higher the 

temperature is, the higher the solubilization rate. 

These results show that microwave pretreatment provokes a matter solubilization. Nevertheless, it is 

necessary to test these microwave treated samples with BMP assay in order to evaluate the effect of the matter 

solubilization on the digestibility. 
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FIGURE 1   Solubilisation rate values as a function of temperature. 

 

3.2 Biochemical Methane Potential Assays 

The goal of this second part is to improve the digestibility of straw after microwave pretreatment. The anaerobic 

digestibility of treated samples is evaluated by the Biochemical Methane Potential (BMP) assay procedure. 

BMP tests were carried out on treated samples at same temperature values as previously: 0 (untreated), 

90, 105, 120, 135, 150, 180°C and BMP curves were plotted. 

The exposition time was tested in BMP assays, there was no effect both on matter solubilization and 

methane production (data not shown). With the standard deviation values, the maximum volumes of methane 

produced in 42 days were the same for untreated and treated samples. No improvement of methane production was 

observed with the microwave pretreatment. 

The following table summarizes the main values of BMP curves obtained. 

 

TABLE 1 Main values of BMP curves obtained 

Temperature 

Maximum volume of 

methane  

(LCH4/kgTVS) 

Kinetic 

constant  

(day
-1

) 

Ø 296 ± 17 0.080 ± 0.001 

90 260 ± 32 0.095 ± 0.022 

105 291 ± 2 0.081 ± 0.010 

120 296 ± 29 0.097 ± 0.003 

135 275 ± 16 0.111 ± 0.001 

150 320 ± 5 0.115 ± 0.001 

180 284 ± 12 0.134 ± 0.013 

 

The microwave pretreatment induces a modification of the methane production kinetic. In order to 

describe this effect and to define the kinetic constant, the following first order model was used : V(t) = V(∞)•(1-e-

kt) ; where V(t) is the cumulative production of methane as function of time t, (∞) is maximum production of 

methane and k is the kinetic constant. 

At 90°C and 105°C no significant difference was observed on kinetic constant in comparison with 

untreated sample.  

The enhancement of the kinetic constant appeared at 120°C with an improvement of 21% compared to 

untreated straw and continue to increase at 135°C, 150°C and 180°C with an improvement of 39%, 44% and 68% 

respectively. 
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4 CONCLUSIONS 

This study shows the feasibility of microwave pretreatment on straw in order to improve its anaerobic digestion. 

Microwave pretreatment at several temperature shows for all values an increase of solublization rate, reflecting the 

transfer of compounds from the lignocellulosic structure to the liquid phase. It reflects a partial degradation of the 

raw matter and a solubilization of chemical compounds from cellulose, hemicelluloses and lignin.  

Future works are focused on these compounds in order to determine which one is degradated, and the 

amount of solubilization for each. Analytic tests will be carry out to determine the level of sugars found in the liquid 

phase and to identify potential inhibitors generated during these microwave pretreatments. 

This study shows too an effect of the solubilization of organic matter on the biodegradability, especially 

on the kinetic constant as described previously. 
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