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Volatile compounds were identified from unialgal continuous cultures of the cyanobacterium
Oscillatoria perornata. Steam distillates of the unialgal cultures were continuously extracted with
pentane, and the pentane extracts were analyzed by GC-MS. Retention indices and mass spectral
data were used to identify 15 components. Relative amounts of individual components were expressed
as percent peak area relative to total peak area. The main volatile components were heptadecane
(57.0%), 2-methylisoborneol (29.4%), and benzaldehyde (1.2%). Together with the previously known
2-methylisoborneol, which is the major cause of the musty off-flavor problem in catfish farming
operations in Mississippi, other components identified were dimethyl disulfide (1.0%), dimethyl
trisulfide (0.5%), and benzothiazole (0.6%). These compounds and their organoleptic characteristics
are discussed in relation to their possible contributions to cultured catfish off-flavor problems.
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INTRODUCTION

With the exception of disease-related problems, “off-
flavor” causes the largest economic losses to the channel
catfish (Ictalurus punctatus L.) production industry in
the southeastern United States. Off-flavor catfish are
unpalatable and unmarketable and must be held by
producers until deemed to be “on-flavor.” Most off-flavor
episodes in farm-raised catfish are attributed to their
absorption of earthy/musty compounds produced by
certain species of cyanobacteria (blue-green algae) that
grow in the production ponds. In western Mississippi,
the cyanobacterium Oscillatoria perornata (Skuja), a
producer of the musty-odor compound 2-methylisoborneol,
is common and thought to be the major cause of musty
off-flavor in farm-raised catfish (5). [O. perornata (Skuja)
was previously identified as Oscillatora cf. chalybea (1),
although it does not conform well to the classic descrip-
tion of that species (2). It now appears that the ap-
propriate designation of this organism is Oscillatoria
perornata f. attenuata (3) or, as recently reassigned,
Planktothrix perornata f. attenuata (Skuja) Anagnostidis
and Komárek (4).] Other musty compounds, such as 2,6-
dimethylpyrazine, 1,8-cineole, camphor, R-campholene
aldehyde, 2,2,6-trimethylcyclohexanone, octa-1,3-diene,
and geosmin, have been associated with cultures of
algae (Scenedesmus subspicatus, Asterionella formosa,
Synedra delicatissima, and Aulacoxiera granulata) and
cyanobacteria (Anabaena variabilis and Anabaena os-
cillarioides) (6, 7). Off-flavor problems related to cyano-
bacteria are not limited to catfish or to Mississippi. Such
problems have been reported, for instance, for other fish
(8) and crustaceae (9) and in water supplies and
drinking-water treatment plants in the United States
[e.g., California (10), Pennsylvania (11), and Wisconsin
(12)], Australia (13), France (6), Japan (14), Germany

(7), and Canada (15). Musty and earthy flavors are the
most common types of off-flavor found in cultured
catfish and have been linked to the presence of a
particular cyanobacterial species from the genera Ana-
baena, Aphanizomenon, Nostoc, Oscillatoris, Lyngbya,
Phormidium, Symploca, Schizothrix, Fischerella, and
Hyella (16). Additional common off-flavors in catfish
attributed to the presence of unspecified cyanobacteria
include “woody” and “pine” (17). Off-flavor descriptors
in the “decay” category include sewage, rotten, and
sulfury (17). These odors have been linked to rapid post-
bloom (Oscillatoria sp., Anabaena flos-aquae, and Micro-
cystis aeruginosa) decomposition in fresh water reser-
voirsinAustralia(13).Littleinformationexistsconcerning
their origin in catfish production ponds, but the as-
sumption has been that decaying organic matter (e.g.,
dead fish or vegetation such as leaves, aquatic weeds,
or hay) is responsible.

Oscillatoria agardhii, O. perornata, and Raphidiopsis
brookii are among the most common species of cyano-
bacteria found in commercial catfish production ponds
in western Mississippi. Van der Ploeg and Tucker (18)
found that O. agardhii and R. brookii were not associ-
ated with any off-flavor problems in catfish during
studies to determine seasonal trends in the types and
intensities of catfish flavors. With the exception of
2-methylisoborneol, little else is known about the vola-
tiles produced by O. perornata. In the current study,
we identified the volatiles produced by O. perornata to
determine if it produces odorous compounds, in addition
to 2-methylisoborneol, that might be responsible for
nonmusty types of off-flavor in cultured catfish.

MATERIALS AND METHODS

Culture. A unialgal culture of O. perornata [previously
isolated from the water of a catfish pond in Mississippi (5)]
was grown in continuous culture at 29 °C under continuous
light according to the method of van der Ploeg et al. (5), except
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the pH of the medium was maintained at 7.7-8.8, photon flux
density was 12.0-24.0 µeinstein/m2/s, and air-flow rate was
16-33 L/h. The continuous culture contained O. perornata
trichomes at a density that is comparable to that found in
catfish ponds. Continuous culture samples were removed
periodically and measured spectrophotometrically (Shimadzu
model UV-3101PC scanning spectrophotometer, Shimadzu
Scientific Instruments, Inc., Columbia, MD), at 750 nm to
monitor cell density. Cell density was maintained at 0.20-
0.34 absorbance. Dilution rate was adjusted to match the
growth rate. Culture material was collected from an effluent
bottle.

Steam Distillations. Distillations were carried out in a
Likens-Nickerson apparatus as previously described (19).
Distillations were carried out for 7 h with the aqueous fraction
in a 10-L round-bottom flask and the distillate continuously
extracted with pentane (10 mL). Distillations were performed
on 4.5 L of cyanobacteria in its growth medium (738 µg of
cyanobacteria cells dry weight/mL of medium) and on growth
medium alone. Pentane extracts of steam distillates were dried
over anhydrous magnesium sulfate and filtered, and the
volume was reduced (at 0 °C under reduced pressure) 100-
fold prior to analysis.

Chemicals. Pentane was obtained from Fisher Scientific,
Pittsburgh, PA. All standards were purchased from Aldrich,
Milwaukee, WI, with the exception of 2-methylisoborneol and
geosmin, which were purchased from Wako Chemicals USA,
Inc., Richmond, VA.

Analyses. Analyses were performed by GC-MS (EI, 70 eV)
on a Varian CP-3800 gas chromatograph coupled with a Varian
Saturn 2000 GC-MS/MS, with a DB-5 column (30 m × 0.25
i.d. mm fused silica capillary column, film thickness ) 0.25
µm) using He as carrier gas (1 mL/min at 210 °C), 1 µL
injection size (injector temperature ) 220 °C, transfer line
temperature ) 240 °C). The column temperature was pro-
grammed from an initial temperature of 60 °C to a final
column temperature of 240 °C at 3 °C/min (19, 20). Hydrocar-
bon standards were used only for determination of retention
times, not for quantitation. Identifications of individual com-
ponents were performed by a comparison of mass spectra with
literature data and by a comparison of their relative retention
times with those of authentic compounds or by comparison of
their retention indices with literature values (20). The relative
amounts of individual components of the extract are expressed
as percent peak area relative to total peak area.

RESULTS AND DISCUSSION

The profile of volatiles (Figure 1) obtained from the
steam distillations of O. perornata culture was fairly
simple (Table 1). Fifteen compounds were identified
from the distillate, accounting for >90% of the total
composition. The major component was heptadecane
(57.0%). Heptadecane has been reported to be a common

Figure 1. Reconstructed total ion chromatogram of the volatiles of O. perornatia: 1, dimethyl disulfide; 2, mesityl oxide; 3,
ethylbenzene; 4, p-xylene; 5, o-xylene; 6, benzaldehyde; 7, dimethyl trisulfide; 8, acetophenone; 9, isophorone; 10, 2-methylisoborneol;
11, dimethyl tetrasulfide; 12, benzothiazole; 13, E-â-ionone; 14, hexadecane; 15, heptadecane; 16, cyclooctaatomic sulfur; unk. )
unknown; inset is expanded portion of chromatogram from 2.75 to 7.25 min.

Table 1. Steam-Distilled Components of O. perornata in
Its Growth Medium

compound RIa organoleptic properties

relative
abundanceb

(%)

dimethyl disulfide 805 foul/putrid to onion/garlic 1.0
when concentrated (13);
cooked vegetable or
swampy odors (34);
septic (7)

mesityl oxide 838 0.6
ethylbenzene 878 floral, sweet (35) tracec

p-xylene 883 0.4
o-xylene 896 trace
benzaldehyde 962 1.2
dimethyl trisulfide 972 foul/putrid to onion/garlic 0.5

when concentrated (13);
cooked vegetable or
swampy odors (34);
septic (7)

acetophenone 1065 trace
isophorone 1117 trace
2-methylisoborneol 1180 earthy, musty (36) 29.4
dimethyl tetrasulfided 1210 trace
benzothiazole 1218 rubbery (37) 0.6
E-â-ionone 1484 violets (7) 1.0
hexadecane 1600 0.2
heptadecane 1700 odorless (13) 57.0
cyclooctaatomic sulfure 2006 trace

a Retention index as determined on a DB-5 column using the
homologous series of n-hydrocarbons. b Peak area relative to total
area. c Trace <0.01%. d Tentative assignment based on MS only:
m/z 162 [M + 4]+ (5), 160 [M + 2]+ (22), 158 [M]+ (98), 94 (32), 79
(63); theoretical isotope ratio for C2H6S4: m/z 162 [M + 4]+ (1),
160 [M + 2]+ (18), 158 [M]+ (100). e Tentative assignment based
on MS only: m/z 260 [M + 4]+ (5), 258 [M + 2]+ (35), 256 [M]+

(100), 224 (3), 192 (45), 160 (31), 128 (40), 96 (17), 64 (66);
theoretical isotope ratio for S8: m/z 260 [M + 4]+ (6), 258 [M +
2]+ (35), 256 [M]+ (100).
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major volatile component in many other cyanobacterial
species (13, 21-23). The second most abundant compo-
nent was 2-methylisoborneol (29.4%), responsible for the
musty odor associated with this cyanobacteria (5).
Previously unreported in O. perornata, the foul-smelling
compounds dimethyl disulfide (1.0%) and dimethyl
trisulfide (0.5%) were also found to be components of
the volatiles of O. perornata. Polysulfides occur in other
cyanobacterial species and have been correlated with
rapid post-bloom bacterial decomposition (13). Dimethyl
disulfide and dimethyl trisulfide have been found in
catfish fillets (24) but have not yet been linked to a
specific type of off-flavor problem in catfish. Dimethyl
trisulfide has been correlated with off-flavor problems
in cheese, prawns, and vegetables (13, 25). The presence
of 2-methylisoborneol-related off-flavor in catfish fillets
might “mask” the odors contributed by the presence of
dimethyl disulfide and dimethyl trisulfide. Further
investigations are needed to establish that dimethyl
disulfide and dimethyl trisulfide accumulate in catfish
during preharvest due to the presence of certain types
of cyanobacterial blooms. Other compounds found in the
steam-distilled volatiles of O. perornata culture include
p-xylene (0.4%), ethylbenzene (<0.1%), benzaldehyde
(1.2%), and benzothiazole (0.6%). The latter three
compounds have also been identified in microwaved
catfish fillets (24). Previous reports of volatiles from
cultures of cyanobacteria have identified some alkyl-
benzenes and benzaldehyde as artifacts of the culture
medium (26). We did not detect these compounds in the
steam distillate of our growth medium. Benzothiazole
can be found in certain foods after heating. Examples
include cultured tiger prawn (27) and dairy products
such as pasteurized milk (28) and yogurt (29). Other
studies (30) indicate that benzothiazole derivatives are
pyrolytic products of cyanobacteria. Although benzo-
thiazole might accumulate in catfish during both pre-
harvest and food preparation, because catfish fillets are
usually subjected to steaming or other high-temperature
procedures, it is currently not a major concern because
“rubbery” is not cited as a common off-flavor encoun-
tered in catfish from commercial aquaculture ponds in
the southeastern United States (17). Geosmin, an off-
flavor compound commonly associated with other spe-
cies of cyanobacteria including several Oscillatoria
species (31-33), was not detected in O. perornata in our
study.

In conclusion, several volatile compounds produced
by O. perornata, aside from the previously known
2-methylisoborneol, might contribute to off-flavor prob-
lems in catfish farming operations in Mississippi, but
further investigations are needed to establish that they
accumulate in catfish during preharvest.
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