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REZUMAT. Producerea de biogaz este una din tehnologiile sustenabile cu beneficiul considerabil de a fi capabilă 
să genereze purtători de energie utili din diferite material brute ce au ca origine biomasa şi care includ plante şi 
reziduuri din plante. Ţesuturile plantelor sunt formate din celuloză ca element principal. Celuloza reprezintă un 
carbohidrat polimeric pentru descompunerea căruia sunt necesare celulazele. Pentru utilizarea de substraturi cu 
un conţinut ridicat de celuloză comunitatea microbiană ce produce biogazul ar trebui să conţină un număr 
semnificativ de bacterii care să producă celulazele iar acestea ar trebui să rupă celuloza în monomeri de zaharuri 
uşor de utilizat. A fost dezvoltată o strategie adaptativă de aclimatizare a comunităţii la substratul lignocelulozic. 
Experimentele au fost realizate în condiţii termofile la 55°C. α-celuloza a fost utilizată ca substrat pentru 
adaptare, iar fermentatoarele de control au fost alimentate cu gucoză pentru carbon şi sursă de energie. Din 
comunitatea microbiană adaptată, au fost izolate elementele de degradare a celulozei şi au fost de asemenea 
utilizată ca inocul în următorul set de experimente de producere a biogazului. Microbii cu rol de degradare a 
celulozei au avut un effect pozitiv prin creşterea producerii de biogaz şi conţinut de metan.  

Cuvinte cheie: biogaz, termofil, degradarea celulozei.  

ABSTRACT. Biogas production is one of the sustainable technologies with the considerable benefit of being able 
to generate useful energy carrier from various raw materials of biomass origin including plants and plant 
residues. Plant tissues consist of cellulose as the major component. Cellulose is a complex polymeric 
carbohydrate, cellulases are needed for its efficient decomposition. For the utilization of substrates having high 
cellulose content the biogas producing microbial community should contain a significant number of bacteria, 
which produce cellulases and they should break down cellulose to easily utilizable sugar monomers. An 
adaptation strategy to acclimatize the community to lignocellulosic substrate has been developed. The 
experiments were carried out under thermophilic conditions at 55°C.  α-cellulose was used as substrate for the 
adaptation and the control fermentors received glucose as carbon and energy source. From the adapted 
microbial community cellulose degraders were isolated and were also used as inoculum in the next set of biogas 
experiments. The cellulose degrading microbes had positive effect, elevated the biogas and methane yield. 
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1. INTRODUCTION 

Alternative energy carriers should be implement-
ed in large scale because of both economic and 
environmental considerations. Biogas production is 
one of the sustainable technologies with the con-
siderable benefit of being able to generate useful 
energy carrier from various raw materials of biomass 
origin including plants and plant residues. Biogas is 
formed anaerobically and it mainly consists of 
methane (55–70%) and carbon-dioxide (30–45%) 
[1].The largest amount of biomass on Earth is plant 
biomass and it carries vast energy potential. Plants 
can harvest solar energy during photosynthesis and 
use it in the production of plant tissues.  Plant tissues 
consist of lignocellulose as their major component. 
Cellulose is a complex polymeric carbohydrate, 
cellulases are needed for its efficient decomposition. 
Cellulases are divided into three major groups: endo-
glucanases (EC 3.2.1.4), exoglucanases (3.2.1.91) 

and β-glucosidases (3.2.1.21) [2]. For the utilization 
of substrates having high cellulose content the 
biogas producing microbial community should con-
tain a significant number of bacteria, which produce 
cellulases and they should break down cellulose to 
easily utilizable sugar monomers. 

2. METHODOLOGY 

2.1. Strains and media 

Caldicellulosyruptor saccharolyticus (DSM 8903) 
was cultivated in DSM640 liquid medium. Incubation 
was carried out in serum vials at 70°C. 

Medium was used to isolate and cultivate cellu-
lose degrading microbes contained the followings in 
1 litre (dissolved in distilled water): 2.7g KH2PO4, 
3.5 g K2HPO4, 0.53 g NH4Cl, 0.08 g CaCl2 x 2H2O, 
0.1 g MgCl2 x 6H2O, 0.2 g MgSO4 x 7H2O, 0.01 g KI, 
1 mg resazurin, 0.75 g Cysteine-HCl x H2O, 1 ml 
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Trace element solution, 1 g cellobiose, 2g α-cellu-
lose, 2 g CMC, and pH 7.2. Trace element solution 
(from DSM 141 medium)contained in 1 litre dis-
tilled water: 1.5 g Nitrilotriacetic acid, 3 g MgSO4 x 
x 7H2O, 0.5 g MnSO4 x H2O, 1g NaCl, 0.1 g FeSO4 x 
7H2O, 0.18 g CoSO4 x 7 H2O, 0.1g CaCl2 x 2 H2O, 
0.18 g ZnSO4 x 7 H2O, 0.01 g CuSO4 x 5 H2O, 0.02 g 
KAl(SO4)2 x 12H2O, 0.01 g H3BO3, 0.01 g Na2MoO4 x 
x 2H2O, 0.03 g NiCl2 x 6 H2O, 0.3 mg Na2SeO3 x 
x 5H2O  

Inoculation sludge was obtained from an opera-
ting biogas plant. 

2.2. Substrates 

Substrates are α-cellulose (Sigma), glucose and 
corn stover. 

2.3. Experimental setup 

Laboratory-size batch experiments were carried 
out in 500 ml and 125 ml serum flasks respectively. 
Each vial was sealed with a rubber stopper and an 
aluminium cap. 

2.4. Analytical methods 

Volatile fatty acids were determined by high per-
formance liquid chromatography (Hitachi Elite, 
equipped with ICSep ICE-COREGEL 64H column 
and refractive index detector L2490) using the 
following parameters: solvent of 0.1 N H2SO4, flow 
rate of 0.8 ml/min, column temperature of 50°C, and 
detector temperature of 41°C. 

The composition of the evolved biogas was 
measured by taking 100-µL aliquots from the head-
space and injecting into a gas chromatograph (6890N 
Network GC System, Agilent Technologies) equipped 
with a 5 Å molecular sieve column (length 30 m, 
I.D. 0.53 megabore, film 25 µm) and a thermal con-
ductivity detector.  Nitrogen was used as carrier gas. 

The dry matter content was quantified by drying 
the biomass at 105°C overnight and weighing the 
residue. Further heating of this residue at 550°C 
until its weight did not change yielded the organic 
dry matter content. 

The rate of gas formation was measured by the 
amount of water displacement. 

pH was measured with a pH measuring instrument 
(Radelkis OP-211) 

2.5. Enzyme Assays  

β-glucosidase activity was assayed using pNPG 
(Sigma) as the substrate. The enzymatic reaction 
mixtures contained the following componenents: 2 ml 
sample from the fermenter was centrifuged then 

added to it 750 µl 0.1M sodium acetate buffer 
(pH 5.0) and 250µl 20 mM pNPG. Incubated for 
30 min at 55°C. The amount of p-nitrophenol re-
leased was measured at 400 nm after addition of 
200 µl 1M Na2CO3 to the reaction mixtures.  

Exoglucanase activity was assayed using pNPC 
(Sigma) as the substrate. The enzymatic reaction 
mixtures consisted of: 2ml sample from the fermenter 
was centrifuged then added to it 950 µl 0.1M sodium 
acetate buffer (pH 5.0) 25µl 20 mM gluconolactone 
and 25 µl 20 mM. Incubated for 3 hours at 55°C. 
The amount of p-nitrophenol released was measured 
at 400 nm after addition of 200 µl 1M Na2CO3 to the 
reaction mixtures. 

3. RESULTS AND DISCUSSIONS  

Our first aim was to examine if it was possible to 
adapt the biogas producing microbe consortium to 
cellulose-rich substrate. The experiments were carried 
out at thermophilic (55°C) temperature because at 
higher temperature the degradation is more efficient 
and the biogas yield is higher [1]. The fermenters 
contained 400 ml seeding sludge. For the cellulose 
adaptation α-cellulose was used as substrate mean-
while the controls were fed with glucose. At the 
beginning 1 gram per litre substrate was given which 
was increased weakly to 10 gram per litre (week 9) 
and afterwards the loading was decreased to 6 gram 
litre with giving feed every two weeks because the 
volatile fatty acid concentration – particularly 
propionic acid – in the control fermenters exceeded 
the inhibiting level (data not shown) [3]. Although 
the VFA content was above the inhibitory level, it 
had no effect on the pH and the biogas production. 
Siegert et al., found that the fermentation of glucose 
was slightly inhibited at VFA concentrations above 
4 g/l [4]. To monitor proper operation, the VFA con-
centration and pH was measured weekly along with 
the β-glucosidase enzyme activity (Fig. 1), which 
refer to the cellulose hydrolysis. The results of the 
enzyme activity measurements show increasing acti-
vity along with the higher substrate uptake and 
decreasing with lower or absent substrate load. 

 

 
 

Fig. 1. β-glucosidase activity alteration under the cellulose 
adaptation. 
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After the adaptation period the sludge was used to 
start new fermentations, but first was conditioned to 
decrease the elevated VFA concentration. To examine 
if the adaptation was successful new fermentations 
were started with the adapted and non-adapted sludge. 
The fermenters contained 190 ml sludge and 10 ml 
distilled water or Caldicellulosiruptor saccharolyticus 
culture and weekly 4 gram per litre of α-cellulose was 
added as substrate. C. saccharolyticus is a thermo-
philic, hydrogen producing bacterium, which can also 
degrade cellulose. Earlier results suggested that this 
bacterium is able to improve biogas production [5]. 
The results are shown in Figure 2. C. saccharolyticus 
enhanced the biogas yield by 12% in the non-adapted 
reactors but in the reactors containing adapted sludge 
the enhancement is negligible. The adapted sludge 
provided 14% more biogas than the non-adapted one. 
The results also imply implies that the adaptation to 
cellulose was successful.  

 

 
 

Fig. 2. Effect of the adaptation on the biogas yield. AD and 
AD+C.s. are fermenters containing adapted sludge, NAD and 

NAD+C.s. contain sludge fed with glucose, AD+C.s. and 
NAD+C.s. contain added Caldicellulosiruptor saccharolyticus. 

 
pH, β-glucosidase and exoglucanase enzyme 

activity (Fig. 3) was monitored regularly. Exo-
glucanase activity was higher in the case of non-
adapted fermentations. 

  

 
 

Fig. 3. Exoglucanase activity after the adaptation. AD and 
AD+C.s. are fermenters containing adapted sludge, NAD and 

NAD+C.s. contain sludge fed with glucose, AD+C.s. and 
NAD+C.s. contain added Caldicellulosiruptor saccharolyticus. 

 
From the two fermenters adapted to cellulose, 

samples were taken and inoculated onto cellulose con-
taining media. Two mixed culture was obtained from 
the parallel fermenters. These cellulose degrading 
microbe communities were marked as AD1-I and 
AD2-I. In subsequent experiments corn stover was 
used as substrate. Corn stover is an agricultural 

residue produced in vast amount annually, potentially a 
cheap substrate for biogas plants to replace more ex-
pensive maize silage. Corn stover has high organic 
dry matter content, i.e. 81- 92%. Dried corn stover 
was pre-treated mechanically by shreding to 2 mm 
particles. Mechanical pre-treatment increase the sur-
face to bacterial access. Fermentations were carried 
out in 125 ml hypovials. The vials contained 50 ml 
sludge, 0.6 g corn stover and 10 ml microbe culture 
with media or distilled water respectively. The 
biogas yield and methane content was monitored 
regularly. The added cultures had positive effects, 
increased the biogas yield and methane content as 
well (Fig. 4). Methane yield increased to 60%. 

   

 
 

Fig. 4. Effect of cellulose degrading microbes on methane yield. 
F-AD1-I+M contains the AD1-I and F-AD2-I+M the AD2-I 

isolated cellulosic microbes with media. 
 
In the next experiments the anaerobic fermenters 

containing the microbial communities were 
centrifuged and suspended in saline solution to 
examine the effects of leaving the growth medium 
out of the experimental set-up. Microbes with 
growth medium performed better (42-53% methane 
yield elevation) relative to cells suspended in 
physiological saline solution (9-12%) (Fig.5).  

  

 
 

Fig. 5. Effect of cellulose degrading microbes on methane yield 
added with or without media. F-AD1-I+M contains the AD1-I 
and F-AD2-I+M the AD2-I isolated cellulosic microbes with 
media, F-AD1-I and F-AD2-I contain cells without media. 
 
It could be suspected that components of the 

growth medium could have been responsible for the 
augmentation. Therefor the following experiments 
included fermentations containing medium only. To 
examine the effect of higher substrate intake, the 
corn stover substrate was doubled to 1,2 g/sample. 
The growth medium components did not have any 
significant influence on the biogas yield (Fig.6). 
This corroborates that the observed positive effect 
was caused by the cellulose degrading bacteria 
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themselves. In this set of experiments 57% and 62% 
more methane production was observed. 

  

 
 

Fig. 6. Higher substrate intake resulted elevated methane yield. 
F-AD1-I and F-AD2-I contained the isolated microbes without 

media, F-AD1-I+M and F-AD2-I+M contained cells with 
media, Control+M consisted media without cells. 

 

Next an elevated substrate loading was achieved – 
2 g – and the added sludge was decreased to 40 ml. 
The substrate conversion to biogas in the fermenters 
containing added cellulosic microbes was more 
pronounced (Fig.7). 73% at the introduced substrate 
was utilized in fermentations consisting the cellulose 
degraders together with their growth media. 

 

 
 

Fig. 7. Substrate reduction under the fermentation. 
  

 
 

Fig. 8. Methane yield at high substrate intake. F-AD1-I and F-
AD2-I contained the isolated microbes without media, F-AD1-

I+M and F-AD2-I+M contained cells with media. 

 Figure 8 shows the methane content of the bio-
gas. According to the results, the fermentations 
containing the cellulose degrading consortia without 
media showed elevated methane yield by 22-24%.  

4. CONCLUSIONS 

In conclusion, the adaptation of the biogas pro-
ducing microbial consortium to cellulose substrate 
was successful. From adapted sludge, cellulose 
degrading microbial consortia were isolated and 
cultivated. These cultures had positive effect on the 
biogas producing natural consortia. Our future aim is 
to identify the members of the cellulosic consortia, 
and develop an efficient cellulose degradation in 
biogas fermentations. 
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