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Summary
Catfish aquaculture produces an estimated $323 million (U.S.) in
grower sales annually. Certain microbes that inhabit aquaculture
impoundments may produce geosmin (GSM) and 2- methylisoborneol (MIB)
which impart musty /earthy "off- flavors" to fish. While the flavor
quality implicat- "off- flavors" have been investigated, the
toxicological implic.uti_ have not. Reversion to histidine independ-
ence in Salmonella typhimurium cells detected frameshift and base
substitution mutations. Exposure to dosages ranging from 0.0 to 2000
and 0.0 to 5000 gg 25 -mL plate -1 GSM and MIB respectively did not
increase, reversion rate with or without microsomal activation. Only
the 2500 and 5000 gg plate-' dosages of MIB and the 1000 and 2000 gg
plate -1 dosages of GSM reduced cell growth, indicating low cytotoxicity.
The lack of toxicological activity of NIB or GSM does not support public
concern that earthy /musty "of- flavors" are indicative of a health
hazard.

Introduction
Catfish production is the largest aquaculture industry in the U.S. with
ca. 64,000 ha in commercial catfish production (3). In 1990, the
catfish harvest was ca. 168,000 metric tons, producing $323 million
(U.S) in grower sales (3). Increased consistency and quality of
aquaculture- raised fish over wild stocks has stimulated interest in
aquaculture (3).

Commercial catfish operations may consist of over 100, 10 -20 ha
ponds with 10,000 25,000 fish ha -1. Catfish spawn in the spring, and
fry (hatchlings) are held in aerated tanks until they are transferred
to nursery ponds (5). Fingerlings can be grown to a target weight of
0.75 to 1.0 kg in as little as four months. Flavor quality,
marketability, and feed conversion efficiency decline beyond this
target size (5): Catfish are fed a pelleted nutrient -rich feed, which
contributes to dense standing crops of bacteria and algae. Microbial
populations are essential for oxygen production, waste degradation and
inhibition of macrophytic weed growth. Unfortunately, some taxa
produce natural terpene derivatives, eg. geosmin (GSM) and 2-
methylisoborneol (MIB), which can impart musty /earthy "off- flavors"
to fish (4) . Off - flavor fish are not marketed until flavor is restored.
These delays interfere with restocking, pond management, cash flow,
and result in larger, less marketable fish (3). In 1987, catfish
producers reported that more than 64,400 metric tons of fish were off -
flavor equalling an immediate economic impact of ca. $113.4 million
(3). Producers have identified "off- flavors" as their most economi-
cally significant "weed" related problem.

Although the flavor quality ramifications of "off- flavors" have
been investigated, the toxicological implications of MIB and GSM have
not been reported. Mutagenic potentials of MIB and GSM were
investigated in strains of Salmonella typhimurium (i.e. Ames test).
Tests were conducted by the laboratories of Hazleton Washington,



153

Kensington, Maryland, USA in cooperation with CIBA-GEIGY Corp.,

Agricultural Division, Greensboro, North Carolina, USA.

Materials and methods
Test protocols are based upon those of Ames et al. (1) . Two test strains

(TA98 and TA100) of S. typhimurium were grown on agar (25 mL

plate -1) (6). Promutagenic potential was investigated by incubation

with microsomal enzyme preparations (Molecular Toxicology, Annapolis,

Maryland, USA) prior to treating the cultures. Cultures were exposed

to replicated dosages each compound applied in 50 gL ethanol (see

Tables 1 & 2) and evaluated at 48 ± 8 hr.

Results and discussion
The strains of S. typhimurium contained mutated operons and pKM101

plasmids, resulting in histidine dependence, increased cell wall

permeability, and impaired DNA excision repair. Histidine prototropy

in TA98 cells detects frameshift mutations, whereas histidine

prototropy in TA100 cells detects both frameshift and base substitu-

tion mutations.
Spontaneous reversion rates were within accepted (2) ranges (8 to

60 and 60 to 240 /plate for TA98 and TA100 cultures, respectively),

indicating a lack of confounding spontaneous mutagenic potential

(Table 1). Although GSM and MIB exposures were greater than those

reported in aquatic environments (eg. 0.1 to 1..0 gg L-1) (4), only the

greatest two dosages of MIB and GSM reduced cell growth with microsomal

activation (Table 1). Neither MIB nor GSM increased the number of

revertants in either TA98 or TA100 cell lines over controls with

microsomal activation, indicating a lack of promutagenic and mutagenic

potential. However, the large number of revertants in cultures exposed

to 2- aminoanthracene indicated that the microsomal preparations were

effective. Evaluations of MIB and GSM without microsomal activation

also indicated a lack of mutagenicity (Table 2). Without microsomal

activation, MIB and GSM inhibited culture growth at a lower dosage (eg.

500 gg plate-1) than with microsomal activation (Table 2 vs. Table 1) .

Both MIB and GSM are extremely lipophilic, and absorption of these

compounds onto lipophilic regions of microsomal proteins may have

reduced exposure levels.
Table 1. Mutagenic potential of 2- methylisoborneol (MIB) and geosmin

(GSM) in Salmonella typhimurium with microsomal activation. Positive

controls (PC) were 2.5 µg plate -1 of 2- aminoanthracene.ftackground lawn

absent.
REVERTANTS PLATE 1 ( ±1SD)

MIB
(µg plate-1)TA98

0.0 38(±2)
9.9 34(±6)
19.7 39(±4)
39.3 36(±10)
78.5 31(±4)
157.0 29(±6)
313.0 31(±2)
625.0 29(±3)
1250.0 26(±4)
2500.0 16(±4)*
5000.0 0(±0)*
PC 1189(±66)

TA100 (µg

81(±7)
90±7)

78(±9)
89±11)

77(±13)
82 (±13)
76 (±10)
76(±11)
62(±10)

7(±6)*
0(±0)*

1259(±53)

GSM
plate -1) TA98

0.0 38( ±6)

3.9 44( ±10)

7.9 43( ±5)

15.7 33( ±8)

31.3 35( ±11)

62.5 33( ±1)

125.0 29( ±7)

250.0. 27( ±9)

500.0 30( ±5)

1000.0 0( ±0)*
2000.0 0( ±0)*

PC 1188( ±95)

TA100

111(±10)
111(±9)
104(±2)

121(±21)
92(±11)
98(±10)
95(±11)
99 (±19)
63 (±14)
0(±0)*
0(±0)*

1457(±31)



154

Table 2. Mutagenic potential of 2- methylisoborneol (MID) and geosmin
(GSM) in Salmonella tvohimurium without activation. Positive controls
(PC) were 1.0 Ag plate -1 2- nitrofluorene (TA98) and 2.0 Ag plate-1 sodium
azide (TA100).4Background lawn absent or reduced.

MIB
(µg plate-1)TA98 TA100

REVERTANTS PLATE-' ( ±1SD)

GSM
(µg plate -1) TA98 TA100

0.0 17(±3)
9.9 19(±2)
19.7 16(±2)
39.3 23(±5)
78.5 22(±5)
157.0 19(±5)
313.0 21(±5)
625.0 19(±4)
1250.0 8(±4)
2500.0 2(±2)*
5000.0 0(±0)*
PC 116(±7)

70(±9)
68(±3)
63( ±3)

71( ±10)
65 ( ±5)

68( ±12)
63( ±6)

61( ±5)
36( ±7)

0(±0)*
0(±0)*

479( ±35)

0.0 19(±4) 71(±14)
3.9 22(±6) 75(±6)
7.9 17(±4) 69(±5)

15.7 29(±6) 74(±5)
31.3 22(±7) 71(±5)
62.5 25(±7) 84(±5)

125.0 22(±2) 61(±13)
250.0 17(±4) 25(±22)
500.0 0(±0)* 0(±0)*

1000.0 0(±0)* l0(±17)*
2000.0. 0(±0)* 0(±0)*

PC 156(±95) 451(±31)

Geosmin and MIB are common "off- flavor" contaminates, and as
little as 0.01 gg L'' MIB can be detected by olfaction in water (4).
Off - flavors create public concern that water supplies may be somehow
unsafe. These results do riot support wide - spread public contention
that earthy /musty "off- flavors" constitute a health hazard.
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