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In Japan charcoal and 
compost of biomass waste 
have been used for a long 
time as a soil improver and 
fertilizer in a farm.

Encyclopedia of Agriculture



Outline of presentation
• Characteristics and pore structure of 

bamboo charcoal
• Charcoal-mixed compost, CMC
• Microorganisms proliferation by 

charcoal mixture 

• Introduction of biomass resources 
recycling of CMC manufacturing 
system in Japan 



15000Si
148Al
150Fe
425Ca
1400Mg
11000K
194Na

concentration [ppm]elements

E� mental analysis of bamboo 
charcoal by ICP 



9.2pH

0.17 � g/ml�Bulk density

420 � m2/g�Specific surface area

Some characteristics of bamboo charcoal
carbonized at 650 oC



Pore diameter distribution of bamboo 
charcoal by a mercury porosimeter
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Microstructure of charcoal

Microstructure;  nm � sub� m size pores
� micro pores, meso pores and macro pores

� large specific surface area                                     
of several hundred m 2/g 

� water retention ability  (for sandy soil)
� air storage ability and air permeability 

(for clayey soil)
� adsorption ability of fertilizer



Large pores of charcoal
(sub � m� several hundred � m)

� as same as size of microorganisms 
� proliferation of symbiosis microorganisms  

(root nodule bacteria and mycorrheza)

Bamboo charcoal

���� � �



  

SEM photographs of microorganism on 
the surface of charcoal in compost



SEM photographs of microorganisms in the 
pores of bamboo charcoal in compost



Composting from mixture of charcoal and 
biomass waste

(Charcoal Mixed Compost, CMC)

Compost ����� is made from garbage generated by 
homes, restaurants and food industries and livestoc k 
waste, and its utilization is receiving attention f rom the 
viewpoint of recycle of biomass wastes. 

As wood and bamboo have pores which are the size 
that are suitable for microorganisms to support, by  
adding the charcoal from the beginning of compostin g, 
the proliferation of microorganisms will be enhance d.



Research Objectives
In this study, we added charcoal powder made from 

bamboo to rice bran with aerobic complex 
microorganisms (ACM) used for composting. 

And the proliferation of the microorganisms was 
studied by measuring the incubation time dependence  of 
the concentration of adenosine triphosphate (ATP) fr om 
the microorganisms. 

Then, in order to identify the composting 
microorganisms, we analyzed 16S rDNAs of the 
microorganisms in the compost by denaturing gradien t 
gel electrophoresis (DGGE) after amplification by 
polymerase chain reaction (PCR) method. 



Charcoal powder rice bran

water

sterilization

aerobic complex microorganisms 
ACM

standing

incubation

sampling

measurement 
adenosine triphosphate (ATP)

pH, SEM, DNA-DGGE

120oC, 60 min

RT

23oC, RH 53%

65 wt%

Preparation of samples



Incubation time dependence of ATP 
concentration in the various systems

The result shows thah
charcoal can proliferate 
microorganisms in the 
system.
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Incubation time dependence of ATP 
concentration with the change of the 

charcoal amount 
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ACM: 0.5 g        
rice bran: 17.8 g

Proliferation of microorganisms 
depends on the amount of 
charcoal.

There are several peaks of ATP 
concentration.
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There are three peaks around 
70 h, 190 h and from 300 to 
350 h.

This suggests that there are 
some kinds of microbial 
community whose 
proliferation rate is different.



DNAs was extracted from 2 g of the 
compost sampled at the ATP concentration 
peaks.

16S rDNAs was amplified with polymerase 
chain reaction (PCR) method using primers 
with GC cramps.

The PCR products were analysed by 
denaturing gradient gel electrophoresis 
(DGGE) method.

DNA extraction and isolation method



Benzyl chloride, Gene clean kit 
(QBioGene)

Primer with GC clamp , V3 
variable domain 590bp

Blast search

Denaturant concentration 20-40%
Acryl amide concentration 7.5%

Primer without GC clamp
TA cloning kit (Invitrogen)

Beckman CEQ2000 DNA 
Sequenser

Ultrafree (MILLIPORE)

DNA extraction & purification

PCR for DGGE

Analysis by DGGE

Extraction of the band

Data base search

Amplification by PCR

16S rDNA sequencing

Cloning

Flow chart of DNA extraction and isolation 
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ACM    

itself

Electrophoresis patterns of DNA bands from CMC 

rice bran; 17.8 g

charcoal; 15.5 g

Several bands are corresponding to the 
main bands of ACM itself. 



By cloning band A, deciding base sequence, and 
searching similarity, two kinds of microorganisms 
sp., Paenibacillus Sp. and Alcaligenes Sp. , were 
recognized. 
In other bands, Bacillus circulans and Bacillus 
cereus were recognized.

DGGE analysis result of the DNA in the 
extracted bands



Paenibacillus genus: Gram-positive, facultative 
anaerobic, rod shaped bacterium isolated from 
cow faeces.

Alcaligenes genus: Gram-negative, aerobic, 
coccus or rod shaped bacterium, having non-
polar flagella.

Characterization of 
bacteria



The microorganisms proliferated on the surface 
and in the pores of the charcoal in the mixture 
with rice bran. The charcoal functioned as a 
matrix for the microorganisms. 

The microorganisms were morphologically 
diverse corresponding to the biodegradation 
condition.

In the middle period of the biodegradation, two 
kinds of microorganisms sp. were recognized; 
Paenibacillus Sp. and Alcaligenes Sp. .

Research Conclusions



Garbage gathered from 10 hotels and 600 
cow’s faeces (about ten tons a day) .

The material is mixed with 1 wt% of 
charcoal and aerobic complex 
microorganisms as a seed.

Introduction of large-scale CMC 
manufacturing system in Dake Spa Area 
in the Northern Japan



600 Cows in Kokubun Farm Inc.



Lane typed composting system with a stirrer

68 m long, 5 m wide and 1.5 m high



Aging of the compost

Turning over of several times a month



Organic farming using Dake Spa compost

The aged compost is supplied to eight agriculture 
farms. They cultivate vegetables organically.



Dishes using organically-grown vegetables 
and beef served in Dake Spa hotels



Flow of environmental recycle 
system of biomass resources

garbage

thinned wood 
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�
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hotels



By charcoal addition, CMC contained a lot of 
composting microorganisms and the time 
required for compost aging was shortened .

It is expected that when the charcoal in CMC is 
sowed in cultivated soil, symbiosis 
microorganisms are also proliferated.

Conclusions in the Introduction of CMC 
Preparation System
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