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Cultures of Penicillium expansum produce a musty, earthy odor. Geosmin [1,10-trans-dimethyl-trans(9)-
decalol] was identified by gas chromatography-mass spectrometry from headspace samples of P. expansum
cultures. Olfactory comparison of P. expansum cultures with a geosmin standard indicated geosmin is the
primary component of the odor associated with P. expansum.

Members of the genus Penicillium Link are numerous and
adapted to a wide range of habitats. Penicillium expansum
Link is most widely known as a pathogen of stored pome
fruits (11), but it has also been isolated from other stored
fruit and oilseed crops (12, 13). P. e-xpansum and other
species have long been associated with distinctive odors.
Raper and Thom (12) described the odor of various penicillia
as being "strong moldy or earthy" (P. expansum and P.
crustosum Thom), "moldy" (P. claviforme Bain. and P.
olivino-vinde Biourge _ P. viridicatum Westling fide Pitt
[11]), "fragrant apple" or "walnut" smelling in old age (P.
purpurogenum Stoll), like "spoiling citrus fruit" or "unpic-
kled dill" [P. digitatum (Pers. ex Fr.) Sacc.], and "perfume-
like" (P. decumbens Thom).

P. e-xpansum is one of several fungi responsible for
postharvest losses of apples, pears, and cherries. Fruit
decayed by P. etxpansum has a penetrating, pungent, earthy
odor. In addition to postharvest losses due to decay, the
presence of P. expansum in stored apples is of concern
because of the possible production of the mycotoxin patulin,
which can contaminate apples (17) and apple products, when
apples decayed by P. expansum are processed (16). Several
European countries have established maximum limits for
patulin contamination (15).
Apple and pear fruit are regularly stored for many months

in sealed controlled-atmosphere rooms. Decay caused by P.
expansum can spread from fruit to fruit during storage and
handling; therefore, it would be advantageous to identify
storage rooms with incipient decay problems to minimize
subsequent losses. The objective of this study was to iden-
tify the volatile compound(s) responsible for the character-
istic odor ofP. expansum as an initial step in their evaluation
as indicators of decay in stored products.
(A preliminary report of a portion of this data has been

published previously [10].)
Two isolates of P. e-xpansum were used throughout these

studies, a spontaneous white cultural mutant (RR86-58)
selected from an isolate obtained from 'Bing' sweet cherries
and another isolate (RR89-30) obtained from flume water
in an apple-packing plant. Wide-mouth 1-liter bottles for
media (three replications) containing sterile Czapek agar (12)
were inoculated with 1.0 ml of a conidial suspension (104
conidia ml-1) and then capped using an inverted polyethyl-
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ene beaker with two gas lines bored through the base. A
polycarbonate filter (0.2-,um pore size, 25-mm diameter) was
installed in one line to prevent contamination of the cultures;
the other line was capped with a cork, and the vessels were
incubated at 18°C. Growth and development of the cultures
were examined microscopically daily.

Volatiles were collected at 24-h intervals by dynamic
headspace sampling from inoculated vessels or blanks con-

taining only Czapek agar. Compressed air, purified with a

column containing potassium permanganate-coated molecu-
lar sieve (Purafil), activated charcoal, calcium hydroxide,
molecular sieve, and Tenax, was passed through the jar, and
volatiles were collected on a solid sorbent trap (Tenax TA,
50 mg) connected to the outlet port. The total air volume
collected was 3 liters. Volatiles were introduced into a gas
chromatograph-mass spectrometer by using thermal desorp-
tion and cryofocusing (6). Traps were desorbed with a

hot-air gun at 200°C, and a 1-m section of fused silica
capillary tubing was used as a cryoloop inserted into a dewar
of liquid N2. Following desorption and cryofocusing, vola-
tiles were introduced to the gas chromatograph by exchang-
ing the liquid N2 dewar for a container of hot (100°C) water.
A Hewlett-Packard 5890A-5971A gas chromatograph-mass
selective detector system equipped with a DB-Wax column
(60 m, 0.25-mm inner diameter, 0.25-,um film thickness; J &
W Scientific) was used for analysis. The GC temperature
program was an initial oven temperature of 35°C held for 5
min, increased to 50°C at 2°C min-1, increased to 200°C at
5°C min-1, and held for 5 min at 200°C. Linear gas velocity
for the He carrier was 30 cm s-1. Initial identification of
compounds was made by using the Wiley-NBS library.
Samples were analyzed in scan mode (20 to 200 atomic mass
units) and data files were subsequently examined for base
peaks with an atomic mass unit measurement of 112. Com-
parison of spectra and relative retention time with those of
authentic standards were used to confirm identification.
Geosmin quantitation was accomplished by using an exter-
nal standard obtained from Chris Dionigi (U.S. Department
of Agriculture, Agricultural Research Service, New Orleans,
La.).
Geosmin (trans-1,10-dimethyl-trans-9-decalol; Fig. 1) (7)

was identified in the headspace samples collected from P.
expansum. Comparison of samples and a geosmin standard
indicated that retention times (Fig. 2) and fragmentation
patterns (Fig. 3) were nearly identical. Olfactory comparison
of the geosmin standard and P. expansum cultures by five
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FIG. 1. Structure of geosmin.

laboratory personnel indicated geosmin was the main com-
ponent of the odor associated with P. expansum. Geosmin is
also produced by algae (14), bacteria (5), and the fungus
Chaetomium globosum Kunze: Fr. (8). Geosmin concentra-
tions as low as 10 ng/liter can impart a musty off-flavor and
odor to drinking water supplies (4), and geosmin imparts a
muddy off-flavor when taken up by fish (9, 18). Geosmin has
also been identified as a component of the off-flavor of dry
beans (3) and contributes to the natural flavor of red table
beets (1).
The presence of geosmin was initially detected from

headspace samples collected 3 days after inoculation (Fig. 4)
and was present thereafter. The appearance of geosmin in
headspace samples coincided with the onset of sporulation
under the stated culture conditions. Mature conidiophores,
phialides, and very short conidial chains (1 to 3 conidia per
phialide) were microscopically observed in the 3-day-old
cultures. The appearance of geosmin also coincided with the
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FIG. 2. Extracted ion chromatograms of headspace samples

collected from P. expansum (RR86-58) (A) and sample of authentic
geosmin (B).

LLJ
C)
z

z
D
m

LLJ

LLJ
Of-

100

80

60

40

20

100

80

60

40

20

40 60 80 100 120 140 160 180 200

M/Z
FIG. 3. Fragmentation pattern of geosmin in headspace samples

collected from P. expansum (RR86058) (A) and geosmin standard
(B).

development of the blue-gray pigmentation typically ob-
served in cultures of P. expansum on Czapek agar; however,
geosmin was also detected in headspace samples of sporu-
lating cultures of the spontaneous white cultural mutant ofP.
expansum (RR86-58) (Fig. 2). Geosmin synthesis has previ-
ously been associated with sporulation in the actinomycete
Streptomyces odonifer (2).
To our knowledge, this is the first report of geosmin

produced by a Penicillium species. Many different fungi are
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FIG. 4. Geosmin concentration in the headspace of 1-liter jars

containing P. e-xpansum (RR89-30) cultured on Czapek agar. Values
are means + standard deviations of replicate samples. V, controls;
0, experiment 1; ., experiment 2.
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associated with harvested fruit, including Botrytis cinerea,
Mucor pinformis Fischer, and a number of species of
Penicillium. To develop a practical means of using geosmin
as an indicator of incipient losses due to P. expansum, it is
necessary to determine whether other fungi produce
geosmin in the postharvest environment.

We thank D. Buchanan and S. Reymond for excellent technical
assistance and R. Buttery, C. Dionigi, J. Fellman, and H. Cutler for
helpful comments and suggestions.

ADDENDUM IN PROOF

We acknowledge a previous report of geosmin synthesis
by Penicillium citrinum and P. farenosum (A. Pisarnitskii
and I. Egorov, Prikl. Biokhim. Mikrobiol. 24:760-764, 1988).

REFERENCES
1. Acree, T. E., C. Y. Lee, R. M. Butts, and J. Barnard. 1976.

Geosmin, the earthy component of table beet odor. J. Agric.
Food Chem. 24:430-431.

2. Bentley, R., and R. Meganathan. 1982. Geosmin and methyl-
isobomeol biosynthesis in Streptomyces, evidence for an iso-
prenoid pathway and its absence in nondifferentiating isolates.
FEBS Lett. 3:220-222.

3. Buttery, R. G., D. G. Guadagni, and L. C. Ling. 1976. Geosmin,
a musty off-flavor of dry beans. J. Agric. Food Chem. 24:419-
420.

4. Cees, B., J. Zoeteman, and G. J. Piet. 1974. Cause and identifi-
cation of taste and odour compounds in water. Sci. Total
Environ. 3:103-115.

5. Collins, R. P., L. E. Knaak, and J. W. Soboslai. 1970. Produc-
tion of geosmin and 2-exo-hydroxy-2-bethylbomane by Strepto-
myces odorifer. Lloydia 33:199-200.

6. Farwell, S. O., S. J. Gluck, W. L. Bamesberger, T. M. Schutte,
and D. F. Adams. 1979. Determination of sulfur-containing

gases by a deactivated cryogenic enrichment and capillary gas
chromatographic system. Anal. Chem. 51:609-615.

7. Gerber, N. N. 1968. Geosmin from microorganisms is trans-
1,10-dimethyl-trans-9-decalol. Tetrahedron Lett. 25:2971-2974.

8. Kikuchi, T., S. Kadota, H. Surhara, A. Nishi, and K. Tsudaki.
1981. Odorous metabolites of a fungus, Chaetomium globosum
Kinze ex. Fr.: identification of geosmin, a musty-smelling
compound. Chem. Pharm. Bull. 29:1782-1784.

9. Lovell, R. T., I. Y. Lelana, C. E. Boyd, and M. S. Armstrong.
1986. Geosmin and musty-muddy flavors in pond-raised channel
catfish. Trans. Am. Fish. Soc. 115:485-489.

10. Mattheis, J. P., D. A. Buchanan, and J. K. Fellman. 1990.
Volatiles from 'Bing' cherries subjected to postharvest stress.
Abstr. 23rd Int. Hort. Congr. 2:3325.

11. Pitt, J. I. 1979. The genus Penicillium and its teleomorphic
states Eupenicillium and Talaromyces. Academic Press, Lon-
don.

12. Raper, K. B., and C. Thom. 1949. A manual of the penicillia.
Williams and Wilkins, Baltimore.

13. Roberts, R. G., J. A. Robertson, and R. T. Hanlin. 1986. Fungi
occurring in the achenes of sunflower (Helianthus annuus L.).
Can. J. Bot. 64:1964-1971.

14. Safferman, R. S., A. A. Rosen, C. I. Mashni, and M. E. Morris.
1967. Earthy-smelling substance from a blue-green alga. Envi-
ron. Sci. Technol. 1:429-430.

15. Watkins, K. L., G. Fazekas, and M. V. Palmer. 1990. Patulin in
Australian apple juice. Food Aust. 42:438-439.

16. Wheeler, J. L., M. A. Harrison, and P. E. Koehler. 1987.
Presence and stability of patulin in pasteurized apple cider. J.
Food Sci. 52:479-480.

17. Wilson, D. M., and G. J. Nuovo. 1973. Patulin production in
apples decayed by Penicillium expansum. Appl. Microbiol.
26:124-125.

18. Yurkowski, M., and J. A. L. Tabachek. 1974. Identification,
analysis, and removal of geosmin from muddy-flavored trout. J.
Fish. Res. Board Can. 31:1851-1858.

3172 NOTES


