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BACKGROUND


Due to the spread of motorization in the industry, agriculture we need more and more fuel for our engines. Nowadays oil price increase and the limited oil reserves and capacity make necessary to develop new alternative engine fuels.


The initiating so-called “Biodiesel-program” in Hungary belongs to these new solutions. The essence of the method: are produced with re-ester formation from vegetable oil received from industrial plants (sunflower, rape) grown in agriculture. These fatty acid-methyl-esters can be a base of diesel engine fuels. 


It means double advantage for the agriculture. On the one hand expectable increase of growing these industrial plants can reduce the problems the decrease of growing cereals, on the other hand the agricultural engines and vehicles can utilise the biodiesel. 


In the course of biodiesel program remarkable amount of glycerol will be formed and is being formed in the food industry. The increased glycerol formation will probably reduce the glycerol price. However, glycerol can be converted to dihydroxy-acetone (DHA) with micro-organisms. The microbial conversion of glycerol to DHA is used for its industrial production. DHA is now a commercially important product used as a food additive, pharmaceutical purposes, chemical syntheses and in cosmetics. In cosmetic industry DHA can be used as a tanning agent, because its high reactivity with proteins. 


Working out a suitable procedure technology will make a good profit for the manufacturer due to the price difference of the basic material (glycerol) and the product (DHA). 

OBJECTIVES


Our aim is combining the DHA fermentation upstream and downstream processing methods to get crystallized form of DHA and the production and sale of the new product.


DHA can be used as a food additive, in pharmaceutical purposes, chemical synthesis and in cosmetics. In cosmetic industry DHA can be used for the production of creams giving the skin a suntan colour as a result of the formation of a colour complex between DHA and arginine present in the epidermis protein. It has an importance in the plastic industry, in the procedure of detergent compounds, organo-metallic and other compounds.

DESCRIPTION


In the course of our research work we will survey the domestic glycerol sources and investigate the possibilities to obtain glycerol with suitable quality for the fermentation. 


In the next step we will study the conversion of glycerol to dihydroxy-acetone on fermentation way and working out the suitable technology. The conversion of glycerol to dihydroxyacetone is well established with different acetic acid bacteria (AAB), Gluconobacter suboxydans ATCC 621 being the most frequently cited strain employed. It is known that Gluconobacter oxydans oxidises many other poly-ols to ketones, than just glycerol. These oxidation's are done by membrane bound dehydrogenases and the respiratory chain. Oxidation products are accumulated in the culture medium and may be metabolised further by the bacteria via the pentose phosphate pathway (4,1). Another industrially important product is sorbose, precursor for vitamin C synthesis, oxidised from sorbitol.


To determine the optimal fermentation circumstances we will do laboratory scale fermentation experiments with different upstream and down stream techniques. Our further task is doing scale-increasing (pilot plant) experiments for working out the industrial technology. 


Next important step will be the separation and processing of DHA from the broth. We will evaluate the possible product gaining methods (cell removing, ion-exchange purifying, use of membrane technique, product gaining with ketone reactions product crystallising). We will optimise the medium to reduce the amount of the crystallising inhibitor compounds. After the research and development of new biotechnology we are making a new marketing conception for trade of the new product.

CURRENT SITUATION, RESULTS

The partial oxidation of glycerol to dihydroxy-acetone by Glüconobacter oxydans bacterium strains can be realised with non-growing cells, when first we produce cell biomass with direct fermentation, and in the second step the obtained non-growing cell biomass as an enzyme carrier performs the desired bioconversion.

The advantage of the separation of cultivation and bioconversion is that more purified DHA can be produced from the broth, but it requires double cell separation, two fermentation steps and much more fermentation time.


The one-step fermentation with growing cells demands less time, work and cost, however, the obtained is less pure and the bioconversion is often not effective enough. We need 50 hour fermentation for 90% bioconversion at 20% starting level of glycerol.


We can prevent the inhibitory effect of substrate with the use of fed-batch technique. However, the obtained DHA produced on direct way is contaminated with metabolites, amino acids, proteins, peptides accumulated during the fermentation.
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