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What’s that?

You could call it the smell of the countryside. It gets its name from the Greek for “earth odour”.

Ploughing?

Yes, it is the molecule released by moist soil, or from soil that is freshly ploughed.

Suitable picture here like this….
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http://www.witheridge-historical-archive.com/beer.htm
How is it formed?

It is formed by microorganisms in the soil, particularly Streptomyces. Although the smell of geosmin was first identified in 1891, the isolation and structure of the geosmin molecule responsible for it was only reported in 1965, and its synthesis in 1968. It is even more recently that its biosynthesis has been understood.

Geosmin biosynthesis begins in farnesyldiphosphate (FPP), a key building block in sterol and sesquiterpene biosynthesis. An enzyme called germacradienol-geosmin synthase (GGS) contains two very similar catalytic domains. One domain converts FPP into germacradienol, which diffuses into the second domain close by, where the conversion to geosmin is completed. Intermediate compounds are involved, such as germacrene D, octalin and isolepidozene.
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And only the (-) isomer is formed.

Is that important?

The (+) isomer can be prepared in the laboratory, but tests show that the natural (-) form has a significantly stronger smell. On average, (–) geosmin has an 11x lower odour threshold than the (+) isomer, quoted as 0.0082- 0.018 ppb (in water).
What does geosmin look like?

It is a colourless liquid, with a boiling point of 270 ºC. 
Does it occur anywhere apart from the soil?
Geosmin (and also 2-methylisoborneol, which also has an undesireable taste) is often responsible for unpleasant tastes in water supplies. Cyanobacteria (blue-green algae) and actinobacteria release geosmin when they die, and this can be absorbed by bottom-feeding freshwater fish. This is a particular problem in parts of the United States, giving off-flavours to fish (particularly catfish, carp and mullet) and clams. Geosmin is made odourless by acid, so these fish are often eaten with lemon, leading to recipes like clam chowder with lemon zest, blackened Cajun catfish or grilled catfish with lemon juice.
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Catfish picture

Such as    http://scienceblogs.com/shiftingbaselines/catfish.jpg 

Geosmin is a major contributor to the smell and flavour of beetroot, a variety of Beta vulgaris. Not everyone likes the smell, and since geosmin levels vary between cultivars, selective breeding can produce varieties with a bland taste designed to appeal to mass markets.

Beetroot picture
Geosmin and the related dehydrogeosmin are responsible for the musty smell of some plants, especially certain cacti. 
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In recent years, notably 2002, French wine growers have been concerned about the presence of a rather musty smell in some young wines, which was quite distinct from the usual “musty cork” smell due to 2,4,6-trichloroanisole. Geosmin was identified as the culprit in these wines using gas chromatography-mass spectrometry, specifically the (-) isomer. Corks or the wood of barrels were excluded as the source of the geosmin, as the wines had been stored in stainless steel containers or bottles with metal stoppers. Geosmin was then detected in some grape juices prior to fermentation, and it transpired that geosmin was formed on rotten grapes through the combined action of both the Botyris cinerea and Penicillium expansum fungi. 

Can you get rid of the geosmin smell?
Well, acid destroys it; it has also been found that photocatalysts based on titanium dioxide (TiO2) can also destroy water-borne geosmin.

So geosmin is pretty useless?

Not if you are a camel in search of an oasis.

Picture of a supercilious-looking camel, or else one plodding across a large tract of desert.

http://crazy-frankenstein.com/free-wallpapers-files/nature-wallpapers/deserts-wallpapers/camel-in-desert-wallpaper.jpg
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http://nuncscio.com/wp-content/uploads/2008/04/camel-face.jpg
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A camel?

Professor Keith Chater, of the John Innes Centre in Norwich (UK), was a member of the team that in 2002 sequenced the genome (8000 genes) in Streptomyces coelicolor A3, a bacterium that produces many chemicals, including geosmin. In the following year he reported identifying a protein domain needed for biosynthesis of geosmin. He has suggested that camels can detect the smell of geosmin that had been released by Streptomyces miles away in wet ground, and track the geosmin to find an oasis; in return the camel could carry away and disperse the spores of the Streptomyces bacterium.
Bibliography

Dictionary of Organic Compounds, J.Buckingham and F. McDonald, eds., Chapman and Hall, London, 6th edition, 1995, Compound G-0-00133

The Merck Index, Merck, New York, 12th edition, 1996, Compound 4408.

M. Berthelot and G. André, Compt. Rend., 1891, 112, 598 – 599.

N. N. Gerber and H. A. Lechevalier, Appl. Microbiol., 1965, 13, 935 – 938. (isolation)

J. A. Marshall and A. R. Hochstetler, J. Org. Chem. 1968, 33, 2593 – 2595. (Synthesis of (±)-geosmin)

G. Revial, Tetrahedron Letters, 1989, 30, 4121-4124 (synthesis of natural (-) isomer)
E. H. Polak and J. Provasi, Chem. Senses, 1992, 17, 23-26 (odour sensitivity of the enantiomers).
http://www.leffingwell.com/chirality/geosmin.htm 

Biosynthesis

B. Gust, G. L. Challis, K. Fowler, T. Kieser, and K. F. Chater, Proc. Natl. Acad. Sci. U S A., 2003, 100, 1541-1546 (protein domain for geosmin synthesis)

J. Jiang, X. He and D.E. Cane,  J. Am. Chem. Soc., 2006, 128, 8128 - 8129. 

J. P. Noel, Nat. Chem. Biol., 2007, 3, 690 - 691.

J. Jiang, X. He and D.E. Cane, Nat. Chem. Biol., 2007, 3, 711 - 715. 
Geosmin in food and plants

J. A. Maga, Food Reviews International, 1987, 3, 269-284. (musty/earthy aromas).

T. E. Acree, C. Y. Lee, R. M. Butts and J. Barnard, J. Agric. Food Chem., 1976, 24, 431 (isolation from beet)

R. G. Buttery, D. G. Guadagni and L.L. Ling, J. Agric. Food Chem., 1976, 24, 419 (beans)

http://ourworld.compuserve.com/homepages/Stephen_Nottingham/beetroot6.htm
B. O. Schlumpberger, A. Jux, M. Kunert, W. Boland, and D. Wittmann, Int. J. Plant Sci., 2004, 165, 1007  (dehydrogeosmin in cacti)

Geosmin in water and fish

http://www.uaex.edu/aquaculture2/FSA/FSA9051.htm  (off-flavour in catfish)

T. P. Heil and R. C. Lindsay, J. Environ. Sci. Health. B, 1988, 23, 489 – 512 (tainted fish)

T. C.-Y. Hsieh, U. Tanchotikul and J.E. Matiella, J. Food Science, 1988, 53, 1228 – 1229 (geosmin in Louisiana Brackish Water Clam)
M. van der Ploeg and  C. E. Boyd, J. World Aquaculture Soc., 2007, 22, 207 - 216
(cyanobacteria and geosmin)

F. Jüttner and S. B. Watson, Applied and Environmental Microbiology, 2007, 73, 4395-4406 (geosmin in source waters, review).
Geosmin and cacti

R. Kaiser and L. Tollsten, Flavour and Fragrance Journal, 2006, 10, 153 - 164 
R. Kaiser and C. Nussbaumer, Helv. Chim. Acta, 1990, 73,133–139 (dehydrogeosmin)
Geosmin in wine

P. Darriet, M. Pons, S. Lamy, and D. Dubourdieu, J. Agric. Food Chem., 2000, 48, 4835 – 4838 

P. Darriet, S. Lamy, S. La Guerche, M. Pons, D. Dubourdieu, D. Blancard, P. Steliopoulos and A. Mosandl, Stereodifferentiation of geosmin in wine, Eur. Food Res. Technol. , 2001, 213, 122 - 125  ((-) isomer identified)
S. La Guerche, B. Dauphin, M. Pons, D. Blancard, and P. Darriet, J. Agric. Food Chem., 2006, 54, 9193-9200 (fungi responsible)

Camels and geosmin 

Paul Simons, The Guardian, March 6th 2003.

http://www.guardian.co.uk/science/2003/mar/06/science.research/print 

V. B. Gerritsen, The earth’s perfume, Protein Spotlight, Issue 35, June 2003; online at http://www.expasy.ch/spotlight/back_issues/035/ 
L. A. Lawton, P. K. J. Robertson, R.F. Robertson and F. G. Bruce, Applied Catalysis B: Environmental, 2003, 44, 9-13. (geosmin removal with TiO2 photocatalyst)

