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The formation of 2,3 butanediol in the cultures of B. polymyxa has been s‘udied
in considerable detail [1], [2] and several carbohydrates have been used as suh-
strate for this fermentation [3], [4]. It has been suggested that 2,3 butanediol is
formed as reserve food for the microorganism and on increas:ng the period, the
quan ity of 2,3 butanediol considerably decreases [5]. Several organisms have been
reported which consume 2,3 butanediol as the sole source of carbon food [6] in
which process it is converted to pyruvic acid and acetaldehyde, through methyl
acetyl carbinol stage. It has been reported that 2,3 butanediol is formed by the
reduction of methylacetylcarbinol which in its turn is formed by the condensation
of pyruvic acid and acetaldehyde [8]. Both of th:se are formed according to the
classic mechanism of ethyl alcohol formation sugges ed by Kluyver and Meyerhof
(9], [10].

In the ethyl alcohol fermentation, acetaldehyde, glycerol, glyceraldehyde, malic
acid and acetates are the chief metabolites. This work has been carried out with
a view to verify whether the formation of 2,3 butanediol occurs through the py u-
vic acid stage, and whether it results from the condensation of acetaldehyde under
the influence of specific enzymes, and so an effort has been made to investigate
the possibility of increasing the 2,3 butanediol in the cultures of B. polymyxa by
the addition of small doses of acetaldehyde, malic acid, glycerol, glyceraldehyde
and acetate which are formed during the course of alcoholic fermentation.

Experimental

Molasses was diluted and a known volume of the solution was taken in six flat bottom flasks
and diluted to 150 ml while adjusting its pH to 6.4. The amount of sugar present in each was de-
termined by analyzing the same volume of diluted molasses. To five of the flasks the different organic
substances were added in the given volume or weight as the case may be. Some of them, due to
their volatile nature, were added after sterilization. The flasks were cotton plugged and sterilized
in an autoclave at 15 Ib. pressure for 20 min. The culture media were allowed to incubate at 30°C
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for 24 hours and resterilized as above. After cooling, they were inoculated with an actively growing
culture of Bacillus polymyxa.

The cultures were kept in an incubator at 30°C for 15 days and they were analyzed for their
acid, sugar, and butanediol contents. For the analysis 50 ml of each culture were pipetted out under
sterile conditions so as to avoid the cultures becoming infected.

The analysis revealed that in the cultures containing glycerine and acetaldehyde, the amount
of butanediol present was quite appreciable. So a second set of cultures was prepared as fol-
lows.

The following substances were weighed out:

CaC03—0.2 g; MgC0O3—0.2 g, Na;HPO4—0.2 g, K2S04—0.2 g, NaCl—0.2 g.

They were digested in a minimum quantity of dilute hydrochloric acid, and 2 g of ammonium
sulphate was added to the mixture. The mixture was made up to 400 ml while adjusting the pH to
6.5, and 50 ml of this solution were pipetted out into each of five round bottom flasks. To four of
them, 1, 2,4 and 6 g of glycerine were added. To the last, 5 g of sucrose were added. These were
diluted to 175 ml each. The flasks were cotton plugged and sterilized as described before. After
resterilization, they were inoculated with 25 ml of the above glycerine culture. Glycerine culture
was selected due to the fact that glycerine is converted into acetaldehyde according to the
accepted scheme of alcoholic fermentation.

After forty days of incubation, the cultures were analyzed. The sugar present in the glycerine
cultures was due only to the seed culture.

The amount of the sugar, acid and diol contents of the culture used in inoculum was taken
into consideration while determining their contents in the culture.

The analysis of reducing substances expressed as invert sugar was carried out by directly titrat-
ing a standard Fehling’s solution at its boiling point with the culture solution using methylene
blue as indicator. To determine the total sugar present, a known volume of the culture solution
was first hydrolyzed with diluted hydrochloric acid by boiling the mixture for 5 min. To the mixture
was added, after cooling, sodium hydroxide followed by excess of Fehling’s' solution. This mixture
was boiled till the precipitation of copper oxide was complete. The precipitate was filtered,. washed
and dissolved in ferric sulphate solution. The resulting ferrous sulphate was titrated against a stan-
dard dichromate solution using N-phenyl anthranilic acid as indicator. From this value, the amount
of sugar in the culture was calculated. Standardization of the dichromate solution was done by
a similar titration with a standard solution of sugar.

Butanediol was estimated by the method of Mouren and Dode [11] with a slight modification.
Instead of precipitating the acetoin formed as Ni-dimethylglyoxime, it was allowed to be trapped
in a solution of dinitrophenylhydrazine. The hydrazone formed was allowed to stand overnight
in the reagent solution to ensure complete precipitation. The precipitate was filtered, washed, dried
and its weight was determined. From this the quantity of butanediol formed in the culture was
determined.

The results of the analyses of the two sets of cultures are tabulated below. The amounts of
the different substances are per 100 ml of the fermented medium (next page).

Results

The cultures containing acetaldehyde indicate the largest yield of 2,3 bu‘anediol
in the culture. It appears that acetaldehyde is one of the intermediates in the for:
mation of 2,3 butanediol. This may be ascribed to the condensation of pyruvic
acid and acetaldehyde to give acetylmethylcarbinol as suggested by Slade [8].

Glycerine also sustains the yield of 2,3 butanediol considerably high. Acetate
formed by the action of acetic acid, calcium carbonate and malic acid favours
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the increase of 2,3 butanediol formation. A considerable quantity of reducing sub-
stances is formed when malic acid or glycerine is added to the culture.

The cultures which contained different concentrations of glycerine as the chief”
source of carbon did not indicate any formation of 2,3 butanediol, when analyzed
after 40 days, though a thick growth of organism was observed in the cul-
ture.

These experiments indicate that B. polymyxa grows in sucrose cultures forming:
2,3 butanediol together with other metabolites. The cultures which contained addi-
tional acetaldehyde, glycerol or acetate, show considerable increase in the yield
of 2,3 butanediol. The glycol forma.ion is least in cultures which contain glyceral-
dehyde or malic acid.

It has been further observed that in the presence of malic acid or glycerine in
B. polymyxa cultures containing molasses sugar as the source of carbon, a high
yield of reducing material is obtained the quantity being least in the culture con-
taining glyceraldehyde or acetaldehyde. However, in the case of glyceraldehyde
the production of the diol is also least. Thus, it appears that the presence of acetalde-
hyde not only helps in the formation of 2,3 butanediol but it also keeps the oxida-
tion-reduction potential of the culture from becoming positive by increasing the
reducing property and also by reducing the acidity of the culture.

The low yield of 2,3 butanediol in cultures containing malic acid can be accounted
for by the fact that, though a considerable quantity of reducing material is formed
in the culture, a large quantity of acid is initially present. This increase in the acidity
of the cultures decreases the negative oxidation reduction potential of the culture
and the resultant potential is not favourable for the formation of the glycol.

The cultures, containing different concentrations of glycerols as the chief source
of carbon, indicate the formation of very little reducing material in the culture
together with the formation of acidity in the culture. These two factors adversely
affect the optimum oxidation reduction potential of the culture. Thus glycerol helps
in the formation of 2,3 butanediol when present in the cultures of B. polymyxa
containing molasses sugar as the source of carbon, a conmsiderable quantity of
reducing materials are formed in the culture, and the pH of the culture remains to-
wards the alkaline side. If glyc:rol is used as the chief source of carbon for ‘the orga-
nism, the organism does grow in the culture, but the formation of reducing material
in the culture is low. A little of acid is formed and 2,3 butanedipl is not at all produced.

Summary

The cultures of B. polymyxa containing molasses sugar as the source of carbon indicate larger
yield of 2,3 butanediol if a small quantity of acetaldehyde is added to the culture. Other substances-
which also help in increasing the diol yield are glycerine and acetate. A large quantity of reducing
materials are formed in the cultures which contain glycerol or malic acid together with molasses
sugar as the source of carbon. No such reducing material is formed if glycerol is used as the chief
source of carbon and though an appreciable growth of the micro-organism is observed in the cul-
tures, there is no formation of 2,3 butanediol.
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