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Relation of algae to earthy odors of fish in Taiwan
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Abstract. The occurrence of earthy odors in fish ponds of Taiwan was found to meet well
with the presence of three species of blue-green algae. They were Anabaena macrospora var.
crassa, A. viguieri and Oscillatoria tenuis. The axenic cultures of the isolates of these three

species exhibited the characteristic "earthy andf/or musty odors.

The closed-loop stripping

technique was applied to concentrate the odorous compounds produced by algae. The subsequent

gas chromatographic analysis showed that all these three species were capable of producing
geosmin. O. tenuis produced, in addition to geosmin, also 2-methylisoborneol simultaneously.
The quantitative study of the extra- and intracellular distributions of odorous compounds in

the cultures was performed. The production of odorous compounds by the above three species
was compared.
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Introduction

Earthy odors are common problem for
drinking water and aquaculture. This problem
has been established to be due to the odorous
compounds such as geosmin, 2-methylisoborneol
and, in rare case, mucidone (Lovell, 1976;
Tsuchiya ef al., 1979; Yurkowski and Tabachek,
1980; Mashni and Safferman, 1982; Persson, 1983;
Burlingame et al, 1986). These compounds are
produced either by algae (Safferman ef al., 1967;
Kikuchi et al, 1973; Tabachek and Yurkowski,
1976; Izaguirre ef al, 1982) or actinomycetes
{Gerber and Lechevalier, 1965; Medsker et al,
1968).
compounds has been determined by Gerber
(1968) and Medsker et al. (1969).

The occurrence of earthy odors in aquacul-

Also the chemical structure of these

ture of Taiwan has been a serious problem.
Some of the main cultured freshwater fishes
such as tilapia (Oreochromis sp.), grass carp
(Ctenopharyngodon idella
Japanese eel (Anguilla japonica Temminck et
Schlegel) have been found to suffer from such
problem. A preliminary investigation showed
that it seemed to exist a correlation between
the presence of some algal species and the
occurrence of earthy odors. In order to further
establish this relation, the study in this paper

Valenciensees) and

was approached by investigating the species
composition of phytoplankton in fish pond, by
cultivating the suspected species isolated from
fish pond and consequently by chemically
determining the odorous compounds produced
by algal isolates. The production and extra-

and intracellular distributions of odorous com-
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pounds in the cultures were also studied.

Materials and Methods

Phytoplankton samples from 10 fish ponds
situated at north and south of Taiwan were
collected every month from July 1985 to June
1986. The algal species were identified under
microscope and their frequency of presence
was calculated based on 1,000 counts. The
diversity of algal communities was calculated
according to Shannon and Weaver (1949). The
extent of odor in fish was evaluated by means
of sensory taste. Fishes were cooked in a
microwave oven immediately after they were
captured from fish pond. The evaluation of
odor was performed by The Taiwan Fishery
Research Institute in Tzupei and Tainan.

The algal species, which were suspected to
be accounting for the odorous problem, were
isolated from the fish ponds and purified to
axenic condition. The isolates were then cul-
tivated at 28°C with illumination of 4 kLux and
aeration of air containing 0.3% CO,. The pro-
cedures for the desorption of odorus compounds
from the cells and the subsequent stripping
technique were the same as described previo-
usly (Juttner, 1988; Wu and Jiittner, 1988). The
odorous compounds were absorbed by Tenax
and . then analyzed by gas chromatography.
The kind of odorous compounds was determined
according to the retention time on chromatogr-
ams and the comparison with that of authentic
compounds of geosmin and 2-methylisoborneol
(MIB). Borneol was added to samples as the
internal standard. The protein content of the
cells was quantified by the modified method of
Lowry (Schacterle and Pollack, 1973). Chloro-
phyll @ was calculated by using the absorption
coefficient given by Ogawa and Vernon (1971),
after it had been extracted from the cells with
methanol and read at 665nm.

Oscillatoria
tenuis
o
N e
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Results

In the 10 fish ponds studied, the occurrence
of earthy odors in fish did not meet with the
presence of the dominant species such as
Microcystis, Spirulina, Phormidium, Chlamydomonas,
Chlorella, Euglena, Trachelomonas, Pediastrum or
Oscillatoria other than O. tenuis. Figs. 1 to 3 show
that earthy odors was occurred concomitantly
with the presence of three blue-green algae
species instead. They were Anabaena macrospora
var. crassa, A. viguieri and O. tenmuis. In fish
ponds T4 (Fig. 2) and T5 (Fig. 3), A. macrospora
var. crassa and O. tenuis were found to present
simultaneously in June and January 1986 respe-
ctively. The concomitance of the presence of
these three algal species with the earthy odors

o

M OSCILLATORIA OJANABAENA  [ISPIRULINA
BRAPHIDIOPSIS EIPHORMIDIUM

:
2

DPEDIASTRUM [ISCENEDESMUS
BICHLAMYDOMONAS

;

-
a

T 1T 1T 7T

| 2 SNANNNNNNNANY 5

RS,

3

=

WEUGLENA MILEPOCINCLIS [ TRACHELOMO-

I

‘Euglenoids
b
ll_ﬁllllllllllll
|

o omboe

#

Qdour
w 3
, T T

Jul {Aug[Sep [Oct [Nov [Dec [Jan [Feb [Mar [Apr [Ma!\Jun JJut
1985 i 1986

Fig. 1. Changes of percentage composition and speceis
diversity index of phytoplankton in fish pond
N1 from August 1985 to May 1986, showing that
Oscillatoria tenuis presented concomitantly with
the occurrence of earthy odor in fish. Extent
of odor: m=moderate; s=slight.
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in fish was not valid in every case. In fish
pond T4, there was no suspected algal species
that might be accounting for the occurrence
of earthy odors in fish in February 1986. It is
noteworthy that it exists no correlation
between the occurrence of earthy. odors in

fish and the diversity index of algal communit-
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Fig. 2. Changes of percentage composition and species
diversity index of phytoplankton in fish pond
T4 from August 1985 to June 1986, showing that
Oscillatoria tenuis and Anabaena macrospora var.
crassa presented concomitantly with the occur-
rence of earthy odor in fish, Extent of odor:
m=moderate; s=slight. )

Table 1. Location of the fish ponds investigated and the algal species
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ies in fish ponds. The algal species that were
considered to be accounting for the earthy
odors of fish are illustrated in Table 1

The axenic cultures of the isolates of the
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Fig. 3. Changes of percentage compo'ztion and species
diversity index of phytoplankton in fish pond
T5 from October 1985 to January 1986, showing
that Anabaena macrospora var. crassa and Oscil:
latoria tenuis presented concomitantly with the
occurrence of earthy odor in fish. Extent of
odor: m=moderate; s=slight. .

suspected to be accounting for the earthy odor in fish.

Fish pond Location Algal species? Fish pond Location Algal species
T3 Hsintzu 143 N1 Tainan 3
T4 Hsintzu 1+3 N 2 ‘Tainan 3
TS Hsintzu 143 N 3 Tainan 2
K1 Kaoshiung 3 N 5 Tainan 3.
K2 Kaoshiung 3 N 7 Tainan 3

2 Algal species 1=Anabaena macrospora var. crassa; 2=A. viguieri; 3=0scillatoria tenuis.
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Table 2. Kind and concentrations in terms of protein and chlovophyll
a contents of the odorous compounds produced by Anabaena
macrospora var. crassa, A. viguieri and Oscillatoria
tenuis grown ai 28°C

Geosmin

Algal species

2-Methylisoborneol

ng/eg protein ng/pg chloro. ng/pg protein ng/ug chloro.

A. macrospora var. crassa 4,0+0.4 304 +24 n.d* n.d.
A. viguiers 4.2+0.6 319+29 n.d. n.d.
O. tenuis 9.2+2.3 501:+48 4.84+0.8 26728
* n.d.: not detectable.
above two Anabaena speceis exhibited the char- . .
Discussion

acteristic earthy odors. The cultures of O.
tenuis isolates had the mixed odors of musty
and earthy one. The gas chromatographic
analysis of the odorous compounds produced by
these cultures, as shown in Table 2, indicated
that the isolates of all the three species were
capable of producing geosmin. O. tenuis, in
addition, also produced 2-methylisoborneol. The
concentrations of odorous compounds produced
The

isolates of two Anrabaena species nearly produced

by algae were various in different species.

the same amount of geosmin in regard to pro-
tein content as well as chlorophyll a concentr-
ation. O. tenuts produced geosmin about twice
as much as that done by Amnabaena isolates.
The ratio of geosmin to 2-methylisoborneol
produced by O. ternuis was about 1.8.

In the cultures of O. fenuis, the majority of

the both odorous compounds, geosmin and

2-methylisoborneol, had been revealed to be -
retained in the cells rather than released to the -

extracellular medium and the air (Wu and
Jiittner, in preparation). The same experiment
done by cultivating the cells in the fermentation
flask and measuring the distribution of odorous
compounds in the culture was made with A.
The results showed that also the
majority, about 98%, of geosmin produced by
this alga was retained in the cells.

viguieri.

Based on the investigation of phytoplankton
in fish ponds it was pointed out that it existed
an ecological concomitance of the presence of
algal species and the occurrence of earthy odor
in fish. The cultivation of algal isolates and
the gas chromatographic analysis of odorous
compounds produced by isolates further provide
the evidences that A. macrospora var. crassa, A.
viguieri and O. tenuis are capable of producing
the earthy and/or musty odorous substances:
It is therefore established
that these three species are probably the algae

geosmin and MIB.

accounting for the earthy odor in fish.

The ecological investigation has showed
that O. tenuis is more widely distributed in
Taiwan than Anaebaena species. In addition,
the gas chromatographic analysis of odorous
compounds indicated that O. tenuis produced
geosmin and 2-methylisoborneol simultaneously.
The quantitation of the production of these
odorous compounds showed furthermore that
this species produced much more odorous com-
pounds than Anabaena species. From the quan-
titation of odorous compound production or
the ecological point of view, O. tenuis is the
main species accounting for the earthy odors
of fish in Taiwan.

Both the results from the experiment with
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O. tenuis (Wu and Jiittner, in preparation) and
that with A. viguieri pointed out that the ma-
jority of geosmin as well as 2-methylisoborneol
produced by these algae was retained in the
cells. The same fact has also been revealed in
the cultures of Fischerella muscicola (Wu and
Jiittner, 1988). Lowvell (1979) had mentioned that
the odorous problem in fish was resulted either
from the direct digestion of algal cells by fish
or from the absorption of odorous compounds
dissolved in water by the fish through the gills.
Our results indicate that the majority of the
odorous compounds produced by algae is ret-
ained in the cells rather than dissolved in water.
It is therefore more likely that earthy odors
in fish are resulted majorily from the digestion
of algal cells by fish.

Acknowledgement. This work is supported by the
Council for Agriculture, Taiwan. The authors grate-
fully thank the Taiwan Fishery Research Institute in
Tainan and Tzupei for the help of phytoplankton

sampling and the performance of odor evaluation in
fish.

Literatures Cited

Burlingame, G. A, R.M. Dann, and G.L. Brock. 1986. A
case study of geosmin in Philadelphia’s water. J.
Amer. Water Works Assoc. 78: 56-61.

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

Gerber, N.N. and H. A. Lechevalier. 1965. Geosmin, an
earthy-smelling substance isolated from actinomy-
cetes. Appl. Microbiol, 13: 935-938,

Izaguirre, G, C.J. Hwang, S.W. Krasner, and M.J.
McGuire. 1982, Geosmin and 2-methylisoborneol
from cyanobacteria in three water supply systems.
Appl. Environ. Microbiol, 43: 708-714.

Jiittner, F. 1988. Quantitative trace analysis of volatile
organic compound (VOC). Methods in Enzymology
(in press).

Kikuchi, T., T. Mimura, K. Harimaya, H. Yano, T.
Arimoto, Y. Masada, and T. Inoue. 1973. Odorous
metabolite of blue-green alga: Schizothrix mueller:
Naegeli collected in the southern basin of Lake

187

Biwa. Identification of geosmin. Chem. Pharm. Bull.
21: 2342-2343.

Lovell, R, T. 1976. Flavour problems in fish culture.
FAO Tech. Conf. Agquacult. 26 May-2 June in Kyoto,
Japan, 7 pp.

Lovell, R.T. 1979, Off-flavour in pond-raised catfish.
Highlights Agri. Res. 26: 757.

Mashni, C.I. and R.S. Safferman. 1982. Source of
mucidone odor associated with mucidone. Environ.
Internatl. 7: 369-371.

Medsker, L.L., D. Jenkins, and J.F. Thomas. 1968.
Odorous compounds in natural waters. An earthy-
smelling compound associated with blue-green
algae and actinomycetes. Environ. Sci. Tech. 2:
461-464, '_

Medsker, L. L., D. Jenkins, J.F. Thomas, and C. Koch.
1969, Odorous compounds in natural waters. 2-
Exo-hydroxy-2-methylbornane, the major odorous
compound produced by several actinomycetes.
Environ. Sci. Tech. 3: 476-477.

Ogawa, T. and L.P. Vernon. 1971, Increased content
of cytochrome 554 and 562 in Anabaena variabilis.
Biochim. biophys. Acta 226: 83-97.

Persson, P.-E. 1983. Off-flavours in aquatic ecosystems-
An introduction. Wat. Sci. Tech. 15: 1-11.

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

Schacterle, G.R. and R.P. Pollack. 1973. A simplified
method for the quantitative assay of small amounts
of protein in biological material. Anal. Biochem.
51: 654-655,

Shannon, C. E. and W. Weaver. 1949. The Mathematical
Theory of Communication. Univ. Illinois Press,
Urbana, Chicago, London, 125 pp.

Tabachek, J.-A.L. and M. Yurkowski. 1976. Isolation
and identification of blue-green algae producing
muddy odor metabolites, geosmin and 2-methyliso-
borneol, in saline lakes in Manitoba. J. Fish. Res.
Board Can. 33: 25-35.

Tsuchiya, Y., A. Matsumoto, and T. Okamoto. 1931.
Identification of volatile metabolites produced by
blue-green algae, Oscillatoria splendida, O. amoena, O.
Geminata and Aphanizomenon sp. Yakugaku Zasshi
101: 852-856.

Wu, J.T. and F. Jiittner. 1988, Effect of environmental
factors on geosmin production by Fischerella musci-
cola. Water Sci. Tech. 20: (in press).

Yurkowski, M. and J.-A.L. Tabachek. 1980. Geosmin
and 2-methylisoborneol implicated as a cause of
muddy odor and flavor in commercial fish from
Cedar Lake, Manitoba. Can. J. Fish. Aquat. Sci. 37:
1449-1450,



188 Botanical Bulletin of Academia Sinica, Vol. 29, 1988

FHRAZFTEABASLEREI%ZH G

xR R B AE
sh SR B BTSE T

PERERTZ B PRE » R 10 @EEN ZABSR AR R HB RSB E RS e — o k=
R Anabaena macrospora var. crassa, A. vignieri R Oscillatoria tenuis o WS HEML > BREIEE » EBELEL
Bk o JFEMBITEIFRARR D ZEHERR: » B EELEGEAETHR (geosmin) o O. tenuis WEES 2-methyl-
isoborneol. M MHRE » RERAHMELRZ EEERE o FUWRRRDEMRARNZSHEES » B RRSEER
EAZRWERG TERLEK -





