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SUMMARY: Starting with cow dung, a mixed culture capable of producing biogas 

by the anaerobic digestion of castor cake (oil expelled) has been isolated and 
stabilized. The biogas so produced contains small quantities of ethane, propane 

and butane in addition to methane and carbon dioxide which are the major consti- 
tuents. This suggests that the mixed culture contains organisms hitherto uniso- 
lated and unidentified which are capable of synthesizing these hydrocarbons 
through the mediation of the alkyl derivatives of coenzyme M. 

The possibility of methane generation from oil cake has long been recognized 

because any organic matter that can be degraded to organic acids can be a poten- 

tial source of methane (i). However, there have been very few reports of methane 

production from oil cakes. Sarson oil cake has been used in a study on biogas 

production from mixtures of cow dung and agricultural wastes (2). Oil cake (type 

not specified) is one of the major constituents in the Hungarian process (3). 

Methane production from mohua cake has also been reported (4). 

Because of the urgent need to develop alternate, renewable sources of energy, 

investigations were undertaken to produce methane from nonedible oil cakes which, 

in terms of potential availability, are second only to cow dung and are being 

merely ploughed in as organic manures primarily for their nitrogen content. From 

cow dung a mixed culture capable of producing biogas (70% methane) from castor 

cake has been isolated and stabilized. The notable feature of this fermentation 

is the presence of the lower aliphatic hydrocarbons in addition to methane in the 

biogas. 

MATERIALS AND METHODS 

Isolation of mixed culture. Slurry of cow dung (i:i) was allowed to ferment 

anaerobically at room temperature (20 to 30°C) until biogas production started. 
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Starting with such an active culture and following the usual enrichment techniques, 
we have successfully isolated and stabilized a mixed culture capable of producing 
biogas from castor cake alone. 

Production of biogas. Castor cake is ground and made into a slurry of water 
(8% solids) and inoculated with the mixed culture and allowed to ferment anaerobi- 
cally at room temperature. Every 24 hours one fifteenth of the mixture being 
fermented was replaced with fresh castor cake slurry. 

Analysis of biogas. Carbon dioxide content was determined by absorption over 

40% potassium hydroxide. For hydrocarbon analysis, the gas was first flushed with 
20% potassium hydroxide, 0.5% ammoniacal cuprous chloride and 0.5% potassium perio- 
date to remove carbon dioxide and carbon monoxide. The residual gas was subjected 
to Janak - carbon dioxide chromatography for detection of the lower aliphatic 
hydrocarbons (5). This method employs an activated alumina column at room tempera- 

ture with carbon dioxide as carrier gas at a flow rate of 60 ml/min. The column 
was previously calibrated with pure gases. 

RESULTS 

The biogas sample contained 30% carbon dioxide by volume, the rest being a 

mixture of the lower hydrocarbons. As shown in Figure I, the hydrocarbon mixture 

contains 0.46% ethane (retention time 3 min.), 0.19% propane (retention time 6 min.), 

and 0.23% butane (retention time 10.5 min.) by volume, the rest being methane 

(retention time 2 min.), not shown in the chromatogram. Occasionally traces of 

other four-carbon hydrocarbons, probably butylene, could also be detected. 

DISCUSSION 

Natural gas, the major constituents of which are methane and carbon dioxide, 

also contains minor amounts of the lower aliphate hydrocarbons. Though biological 

degradation of organic matter is considered one of the possible mechanisms for the 

formation of natural gas, it is not considered probable because so far ethane, 

propane and butane have not been detected among the products of methanogens in 

nature. We believe we are the first to demonstrate the presence of these hydro- 

carbons in a biogas sample and this raises some interesting possibilities worth 

further investigation. 

The two well established mechanisms for methanogenesis are i) reduction of 

carbon dioxide and 2) transfer of the methyl group of acetate (6). Obviously, 

hydrocarbons other than methane cannot arise by the reduction of carbon dioxide. 

This then leaves the possibility of alkyl transfer as the probable mechanism for 

the formation of ethane, propane and butane by the organism(s) in our mixed cul- 

ture. This inescapable inference inexorably leads to some musings on the possible 

role of CoM in the formation of these hydrocarbons. One possibility is the 
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Figure I :  CHROMATOGRAM OF BIO-GAS SAMPLE 

reaction between two molecules of methyl CoM mediated by some enzyme system much 

in the manner of the Wurtz reaction to give ethane. To account for the formation 

of propane and butane it is necessary to assume the formation of ethyl CoM in 

addition to methyl CoM and a Wurtz type reaction between them. Another possibility 

is the formation of a number of alkyl CoM derivatives each giving rise to the 

corresponding hydrocarbon by transferring the alkyl group to hydrogen in just the 

same manner as methyl CoM gives rise to methane. No matter what the mechanism 

involved may be, the mixed culture isolated by us must contain organism(s) hither- 

to unisolated and unidentified. Vigorous studies are underway to ascertain how 

generalized this phenomenon is. However, with the limited facilities available, 

it is hopeless to attempt to isolate the organism(s) or unravel the biochemical 

mechanism(s). It is hoped that this will interest some of the leading investiga- 

tors in some of the well equipped laboratories to undertake collaborative studies 

of this extremely interesting and intriguing phenomenon. 
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