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REZUMAT. Porumbul este cultivat în cantităţi semnificative cu scop nutritiv; produsele intermediare rezultate sunt 
planta de porumb ce este de obicei nefolosită. Datorită cantităţilor mari existente şi a conţinutului ridicat de celuloză 
acesta reprezintă un potenţial substrat pentru producerea de biogaz. În orice caz, această biomasă bogată în 
celuloză nu este utilizată în fermentatoarele anaerobe datorită insolubilităţii sale ridicate. Ea forme4ază o crustă la 
suprafaţa fazei lichide în reactoare ce are ca rezultat inhibarea procesului de producere a biogazului. Deoarece 
conţinutul ridicat de materii solide inhibă procesul formare a biogazului la scară industrială este necesară realizarea 
unui pretratament. Astfel, digestia anaerobă a plantei de porumb poate un mod eficient, economic şi cu impact 
pozitiv asupra mediului de valorificare a deşeurilor agricole pe lângă producerea unui biocombustibil regenerabil 
valoros. În studiul nostru, o bacterie celulozică a fost utilizată pentru pretratarea biomasei bogată în celuloză şi a 
fost măsurat impactul pe care îl are acest proces asupra fermentaţiei anaerobe a substratului. 
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ABSTRACT: Maize is grown in large quantities for nutritional purpose; its agricultural by-product is the corn 
stover, which is usually unused. Because of its high abundance and high cellulose content, it is a promising 
substrate for biogas production. However, this cellulose-rich biomass is not used in anaerobic fermentors 
today, due to its insolubility.  It forms a solid crust at the top of the liquid phase in the reactors, which results in 
the inhibition of biogas formation. Since the high solid-content inhibits the industrial-scale fermentation of 
corn stover, some kind of pretreatment is considered necessary. Therefore the anaerobic digestion of the corn 
stover could be an effective, economically profitable and environmentally friendly way of disposing agricultural 
wastes - besides producing a valuable renewable biofuels. In our study, a cellulolytic bacterium has been used 
for the pretreatment of the cellulose-rich biomass and the impact on the anaerobic fermentation of the 
substrate was measured. 
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1. INTRODUCTION 

Today, the most frequently used energy crop in 
biogas fermentors in the region is maize [1].  However, 
growing crops merely for biofuel production is a 
question under debate, considering the malnutrition of 
nearly 900 million people worldwide [2]. The growing 
price of the energy crops also pressurizes the use of 
alternative substrates. Fortunately biogas-technology 
posses a unique advantage among renewable energy 
producers: it can combine agricultural waste treatment, 
with the production of valuable green energy 
efficiently [3]. 

There are several agricultural by-products that 
can be utilized in biogas fermentors, including rice 
straw, switchgrass, wheat straw and corn stover, the 
latter is the most abundant in Hungary and the 
eastern part of Romania. With the use of these 
substrates, the advantages of the biogas-technology 
could be exploited the most.  

Corn stover, due to its high abundance, high 
cellulose and therefore energy content is a promising 
substrate for biogas fermentors. However, its high 
cellulose content also generates complications in its 
fermentation: the insoluble biomass usually floats on 
the top of the liquid phase, and forms a solid crust. 
This results in the inhibition of biogas formation, 
and other problems as well [4].  

The problem is mainly due to the structural 
components of the plant cell wall, mainly the 
cellulose. Cellulose makes up most of the plant cell 
wall, along with the lignin and hemicelluloses [5]. It 
is a biopolymer, consisting of D-glucose monomers, 
attached to each other with ß-glycosidic bonds. 
Between the strands, secondary H-bonds strengthen 
the composition further. This arrangement results in 
a structure so tight that even water molecules cannot 
enter to the inside of the compound, thus making it 
insoluble [6].  

To effectively digest the cellulose-rich biomass 
in an anaerobic fermentor, some kind of pretreat-
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ment is considered necessary [7]. The relevant 
scientific literature mentions several methods, by 
which the cellulose content can be reduced, and the 
accessibility of the polymer can be increased [8]. 
These are mostly various physical-chemical methods, 
although there are biological methods as well, which 
are usually cheaper and safer [9]. In our study we 
focused on a biological pretreatment approach. 

The resilience of the cellulose makes its bio-
degradation very hard, but a wide range of 
microorganisms can utilize it as a carbon source, 
using their cellulase enzymes [10]. Among them are 
aerobe bacteria that can excrete extracellular cellulases 
to the medium. These enzmyes (endoglucanases, 
cellobiohidrolases and ß-glucosidases) catalyze the 
cellulolysis, hence liberating free glucose and 
cellobiose units, which can enter the cell, and 
therefore metabolized by the bacteria. Bacillus 
amyloliquefaciens is a Gram +, aerobic bacterium, 
which is capable of degrading cellulose with its 
extracellular cellulase enzymes [11].  

In our study, we employed B. amyloliquefaciens 
in the biological pretreatment of the corn stover to 
investigate its impact on the anaerobic fermentation, 
and biogas production of the biomass.  

2. METHODOLOGY  

 2.1. Pretreatment of corn stover 

Physical and biological pretreatments were carried 
out to prepare the corn stover for biogas fermentation. 
To determine the optimal pretreatment conditions, 
several parameters were systematically tested, namely 
the particle size of the substrate, the pretreatment 
time and temperature.   

The experimental setup was as follows. Corn 
stover was grinded to an exact particle size of 
20 mm, 4 mm, or 2 mm, respectively. The biological 
pretreatment of the biomass was carried out in 250 ml 
Erlenmeyer flasks, using 5 g of corn stover. The 
biomass was inoculated with the cellulolytic bacterium, 
B. amyloliquefaciens, previously grown in cellobiose 
containing medium. Water was added to reach 5 % 
substrate and inoculum concentration. Incubation 
was carried out either at 30 °C, or at 40 °C, for three 
or five days, the flasks were shaken at 120 rpm. On 
the completion of the pretreatment, the solid and 
liquid fraction was separated by filtration.  

Subsequently the TS (total solid – dry matter) 
and oTS (organic total solid – organic dry matter) 
values of both fractions was determined. The dry 
matter content was quantified by drying the biomass 
at 105 ºC overnight and weighing the residue. 
Further heating of this residue at 550 ºC until its 
weight did not change yielded the organic dry matter 
value. The initial TS and oTS values of the substrate 
biomass (corn stover) are presented in Table 1. The 
change in the oTS values of the biomass are 
presented in Figure 2. 

 

 
 

Fig. 1. The arrangement of the batch fermentations. 
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Fig. 2. The impact of the pretreatment on the oTS values of corn stover. 
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Table 1. The dry mass, and organic dry mass values  
of the substrate corn stover 

Parameter Value Error 
TS (%) 95,3 0,2 
oTS (%) 93,2 1,3 

2.2. Batch fermentation  

The fractions of the samples treated at 40°C were 
used as substrates for the fermentations. The con-
version of biomass to biogas was tested according to 
the widely accepted German standard protocol DIN 
11734 [ref]. Completely sealed, 120 ml laboratory 
fermenters were used for these experiments. The 
glass flasks were filled with 5.3 g of pretreated 
biomass, 60 ml of distilled water, and the anaerobic 
degradation (AD) fermentation was initiated using 
30 ml of a mixed and enriched methanogenic 
community of microbes, which originated from a 
large scale mesophilic AD biogas plant. The 
headspaces were replaced with ultrapure nitrogen 
gas by repeated vacuum and gassing cycles in order 
to establish anaerobic environment. The batch 
fermenters were kept at 37°C using a laboratory 
incubator with intermittent shaking. This is the 
typical and standard arrangement for a batch AD 
fermentation. It is important to note that in these 
experiments the biomass degradation and conversion 
to biogas is carried out in a closed system. Biogas 
production is a result of microbiological activity in 
the closed vessel as long as there is biomass 
available for fermentation. Thereafter biogas produc-
tion gradually decreases as the biodegradable biomass 
in the fermenter is consumed.  This experimental 
arrangement is therefore strikingly different from the 
technologies employed in industrial scale AD fermen-
tation, where the substrate addition and effluent 
removal is done continuously or intermittently. 
Consequently, batch biogas tests carried out 
according to the DIN 11734 protocol are suitable for 
the determination of the theoretical biogas potential 
of the substrate rather than to measure or simulate 
the actual biogas yield in a continuous or semi-
continuous AD fermenter.  

The biogas produced in the batch fermenters was 
collected in a second glass vessel, which was filled 
up with water and connected to the AD reaction 
vessel using silicone rubber tubing.  The evolved gas 
displaced an equal volume of water into a third 
vessel, still in a closed system, and the volume of the 
dislocated water could be measured daily. The 
principle of the arrangement is presented in Figure 1.  
The biogas productivity values were corrected to 
normal atmospheric conditions and calculated 
according to the organic material input. The sum of 
both the fermentations of the liquid and solid 
fractions is presented in Figure 3. 

 
 

Fig. 3. The total biogas production from the pretreated biomass 

3. RESULTS AND DISCUSSIONS  

The impact on the oTS (and evidently the TS) 
values of the biomass is presented in Figure 2. The 
oTS decrease (red bar) was consistently larger in 
proportion with the reduction of the particle size. 
The incubation time and temperature had a lesser 
impact. Some part of the organic matter dissolved 
into the liquid fraction (green bar). The reduction of 
the oTS values in the 20 mm particle sized biomass 
was rather slim, but in the case of the 4 mm samples, 
it was approximately two-fold, and in the 2 mm 
samples it was roughly four-fold larger. As ex-
pected, the largest reduction in the oTS was detected 
in the 2 mm particle sized sample, pretreated at 
40 °C for five days. In this case, the organic solid 
content of the biomass decreased by nearly 80%. 
During the pretreatment, the solid fraction sedimented 
at the bottom of the reaction vessel, thus the problems 
associated with crust formation in the fermentation 
were eliminated.  

The anaerobic fermentation of the substrate showed 
that the 4 mm particle size fraction of the biomass 
produced the largest biogas yield, which was appro-
ximately the amount the energy crop maize possess 
(600 ml/g oTS). The 20 mm and the 2 mm samples 
produced lower biogas yields. This indicates that the 
anaerobic fermentation of the 4 mm samples was the 
most efficient. 

4. CONCLUSIONS 

As seen in Figure 2. the pretreatment had a 
remarkable effect on the oTS values of the corn 
stover. All the parameters affecting the pretreatment 
are important; however it seems that the better 
accessibility to the substrate, through the reduction 
of the particle size, is the most significant factor in 
the degradation of the biomass by the microorga-
nisms. It is important to mention, that the pretreatment 
was not carried out under sterile conditions. Although 
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the biomass was inoculated with the B. amylolique-
faciens to enhance the pretreatment, the natural 
microflora present on the corn stover may also have 
a role in the degradation of the biomass.  

The anaerobic digestion of the pretreated substrate 
showed that the corn stover could be made amenable 
to biogasification. The reasons why the 2 mm 
particles showed lower yields are not yet fully clear 
although, there is a possible explanation. During the 
pretreatment, not only the degradation of the organic 
molecules took place, but also the tight structures of 
the polymers were loosened up, improving the 
accessibility of the lignocellulose. The degrading 
bacteria in the 2 mm samples utilized the sugars that 
they have freed from the biomass immediately. This 
may have resulted in the significant reduction of the 
organic mass. On the other hand, in the case of the 
4 mm samples, the structure of the lignocellulose 
loosened up, but the microorganisms perhaps did not 
utilize all of the more easily metabolizable sugars. 
This may have resulted in a moderate amount of oTS 
reduction, but the biogas yields from the anaerobic 
fermentation became higher, because the energy 
content was not reduced that much. 

The experiments showed that after an appropriate 
pretreatment, corn stover may become a fairly good 
anaerobic fermentation substrate. Further optimization, 
regarding the pretreatment parameters and the 
employed microorganism(s) is required. 
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