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ABSTRACT: Geosmin and 2-methylisoborneol are the most recognized off-flavors in freshwater fish, but terpenes may also
contribute off-flavor in fish. We identified six monoterpenes, 11 sesquiterpenes, and three terpene-related compounds in
pangasius and tilapia from aquaculture farms in Bangladesh. The concentrations of most of the volatiles were below published
odor thresholds, except for α-pinene, limonene, β-caryophyllene, α-humulene, and β-ionone in tilapia, and limonene and β-
ionone in pangasius. To identify sources of the terpenes, terpene profiles of fish feed and phytoplankton in the ponds were
analyzed. In feed and mustard cake (feed ingredient), five monoterpenes and two sesquiterpenes were identified, and five of these
compounds were also detected in the fish. In phytoplankton, 11 monoterpenes were found and three also occurred in the fish.
The higher number of terpenes common to both fish and feed, than to fish and phytoplankton, suggests that feed was a more
abundant source of odor-active terpenes in the fish than phytoplankton.
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■ INTRODUCTION

Sensory studies of off-flavor in freshwater fish indicate that the
most commonly perceived off-flavor and/or off-odor descrip-
tors are earthy-musty, originating from the presence of geosmin
and 2-methylisoborneol (2-MIB), respectively. The earthy-
musty flavor has been reported for tilapia,1 pangasius,2 channel
catfish,3 rainbow trout,4 and barramundi.5 However, in addition
to geosmin and 2-MIB, several other organic compounds can
influence the taste and flavor of freshwater fish. In rainbow
trout, more than 30 volatile compounds have been identified by
both instrumental (GC-MS) and combined GC-olfactory
analyses.6,7 Besides geosmin and 2-MIB, the volatiles in
rainbow trout were dominated by aldehydes, such as nonanal
and 2,4-octadienal (both with vegetable flavor), alcohols, e.g., 1-
octen-3-ol (mushroom smell), and terpenes, e.g., L-α-terpineol
and farnesol (flowery and earthy flavor). Other terpenes
identified in freshwater fish are β-cyclocitral (grass and woody
flavor) and β-ionone (woody and flowery flavor).8

Terpenes are common substances in many plants and
photosynthetic microorganisms, especially in cyanobacteria,9

and they are a part of the pool of dissolved organic matter in
freshwater.10 The group of terpenes includes monoterpenes
with two isoprene units, e.g., 2-MIB, and sesquiterpenes with
three isoprene units, e.g., geosmin, as well as terpenoids
(slightly modified terpenes).
Terpenes in fish originate from an external source since fish

cannot produce terpenes. Sites for uptake of dissolved terpenes
include gills, skin, and the intestine,11 but feeding on

phytoplankton and filamentous microorganisms may possibly
also contribute off-flavor compounds in fish since they have
been found in the stomach content of tilapia.1 In large-scale
aquaculture facilities with water recirculation, tainting of fish by
geosmin and 2-MIB is most likely caused by the uptake of
dissolved molecules, e.g., originating from microorganisms in
biofilters for water treatment.12,13 In fishponds with stagnant
water and an abundant phytoplankton community, ingestion of
cellular material, such as colony-forming cyanobacteria, has
been observed in tilapia and may be an alternative source of
tainting in fish.14

Research on off-flavors in fish has typically focused on the
compounds geosmin and 2-MIB, while the presence of other
potential off-flavor compounds, such as terpenes, has only been
examined in a few fish, e.g., in rainbow trout.6,7 Here, we
wished to examine if terpenes in fish feed and phytoplankton
can affect the taste and flavor of the globally important
aquaculture species tilapia (Oreochromis niloticus) and pangasius
(Pangasianodon hypophthalmus). The study was initiated
because sensory profiling of tilapia and pangasius, produced
in ponds in Bangladesh, characterized the taste and flavor of the
fish as unsatisfactory, unless the fish were purged in off-flavor-
free water before slaughtering.2 Yet, the concentration of
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geosmin and 2-MIB in the fish was too low to cause tainting,
indicating that other organic compounds led to the off-flavor
and off-taste. We suspect that terpenes, either in phytoplankton
or as free dissolved molecules in the pond water, contributed
off-flavors to the fish since many terpenes have distinctive and
characteristic flavors. An alternative source of off-flavor might
be fish feed since the content of volatile compounds in fish may
depend on the feed composition, as shown for the terpene
limonene in sole (Solea senegalensis) at an increased intake of
plant protein.15

In an attempt to obtain more information on relationships
between terpenes in fish and their sources of food, we analyzed
the composition of terpenes in the flesh of tilapia and pangasius
from ponds in southern Bangladesh. The terpene profiles were
related to terpenes in two commercial feeds, used by local fish
farmers, as well as to the common feed ingredients mustard and
rape seed cakes. Finally, the composition of terpenes in natural
phytoplankton in the ponds was analyzed and compared to the
content of terpenes in the fish.
The purpose of the study was for the first time to identify

volatile terpenes in the two commercially important freshwater
fish species, tilapia and pangasius, and provide information on
potential sources of these terpenes.

■ MATERIALS AND METHODS
Chemicals. Geosmin and 2-methylisoborneol at 100 μg/mL in

methanol solution were purchased from Supelco (Sigma-Aldrich Co.,
Ltd., USA). The following chemicals of maximum purity and GC grade
were purchased from Sigma-Aldrich Co., Ltd.; α-pinene, β-myrcene,
limonene, α-humulene, α-phellandrene, δ-3-carene, α-ionone, β-
ionone, α-gurjunene, aromadendrene, α-terpineol, γ-terpinene, β-
caryophyllene, terpinolene, and α-terpinene.
Sample Collection. Tilapia (Oreochromis niloticus) and pangasius

(Pangasianodon hypophthalmus) and phytoplankton were collected in
eight ponds of 309 to 497 m2 area and water depths of 1.1 to 1.6 m in
Dumki Upazila, Patuakhali, southern Bangladesh. Details on sampling,
fish breeding, and phytoplankton abundance and composition are
given in Petersen et al.2 Briefly, the fish were cultivated for 6 months
after stocking in ponds and had weights of 182−199 g (tilapia) and
689−870 g (pangasius) when harvested in August 2012. The fish were
collected in nets and after stunning, they were bled out by cutting of
the gill blood vessels. The fish were filleted in the laboratory, and one
fillet was used for chemical analysis for the content of geosmin, 2-MIB,
and terpenes, while the other fillet was used for sensory analyses (data
on geosmin and 2-MIB are published in Petersen et al.2). All fillets
were kept frozen at −20 °C until analysis in Denmark. Fillets from a
total of 45 fish from each of the two species were analyzed for the
content of terpenes (see below).
Simultaneous with harvest of the fish, phytoplankton in 500 mL of

water from each pond was filtered onto 47 mm diameter GF/F filters.
The filters were stored in aluminum foil and kept at −20 °C until
analysis of photosynthetic pigments and terpenes. The phytoplankton
biomass declined during the growth season, ranging from 40 to 375 μg
chlorophyll a L−1 in March to 8 to 100 μg chlorophyll a L−1 at harvest
in August and was dominated by chlorophytes (green algae), followed
by diatoms, cryptophytes, and cyanobacteria during the entire growth
season.2

Dynamic Headspace Sampling of Volatiles in Fish. A dynamic
headspace sampling method was employed to extract volatile
compounds from the fish according to Petersen et al.16 From each
fillet, 20 g of flesh was weighed into a 250 mL gas-washing flask along
with 25 mL of water and 1 mL of internal standard (50 μL/L 4-
methyl-1-pentanol; Sigma-Aldrich, Germany). The mixture was
homogenized using an Ultra Turrax T25 homogenizer (IKA, Staufen,
Germany) for 45 s at 13,500 rpm, followed by rinsing with 10 mL of
water. The gas-washing flask was fitted with a purge head and
transferred to a water bath, where the sample was purged with N2 at a

flow rate of 100 mL/min for 60 min at 50 °C to collect the volatiles on
Tenax TA trap. After volatile collection, the traps were further purged
with N2 at 100 mL/min for 10 min to remove water from the traps.

Dynamic Headspace Sampling of Volatiles from Phyto-
plankton Biomass. An optimized method based on Höckelmann et
al.17 was used to extract volatiles from the filters with phytoplankton
biomass. One quarter of a 47 mm GF/F filter with phytoplankton was
transferred to a 250 mL gas-washing flask, followed by the addition of
50 mL 30% NaCl solution, and equilibrated at 50 °C for 10 min
constant stirring of 230 rpm. The volatiles were collected on a Tenax
TA trap by purging the phytoplankton suspension with N2 at a flow
rate of 200 mL/min for 60 min at 50 °C. After volatile extraction, the
traps were further purged with N2 at 100 mL/min for 10 min to
remove water from the traps.

Dynamic Headspace Sampling of Volatiles from Pond
Water. Volatile compounds in the water were extracted on Tenax
TA traps by transferring 10 mL of water into a 100 mL gas washing
flask followed by purging with N2 at a flow rate of 100 mL/min for 60
min in a water bath at 37 °C. Residual water in Tenax TA traps was
removed by purging with N2 at 100 mL/min for 10 min.

Dynamic Headspace Sampling of Volatiles from Fish Feed.
Two commercial feeds (“Pangas Grower” and “Tilapia Starter”,
produced by Krishibid Feed Ltd., Bangladesh) and two of the major
ingredients, mustard seed cake and rape seed cake (obtained after oil
and protein extraction), were tested for content of volatiles. In brief,
the feed material was ground into fine powder in a laboratory blender.
From the ground material, 5 g was transferred into 100 mL gas
washing flasks followed by purging with N2 at a rate of 100 mL/min
for 60 min at 37 °C. Volatiles were collected on Tenax TA traps, which
were further purged with N2 at 100 mL/min for 10 min to remove
water.

GC-MS Analysis. The trapped volatiles were desorbed using an
automatic thermal desorption unit (ATD 400, PerkinElmer, Norwalk,
USA). Primary desorption was carried out by heating the trap to 250
°C with a flow of carrier gas (60 mL/min H2) for 15 min. The stripped
volatiles were trapped in a Tenax TA cold trap (30 mg held at 5 °C),
which was subsequently heated at 300 °C for 4 min (secondary
desorption; outlet split 1:10). This allowed for rapid transfer of
volatiles to a gas chromatograph−mass spectrometer (GC-MS, 7890A
GC-system interfaced with a 5975C VL MSD with Triple-Axis
detector from Agilent Technologies, Palo Alto, California) through a
heated (225 °C) transfer line.

Separation of the volatiles was carried out on a DB-Wax capillary
column (30 m length ×0.25 mm internal diameter and 0.5 μm film
thickness) using H2 as carrier gas with an initial flow rate of 1.0 mL/
min. The column temperature program was held at 40 °C for 10 min,
then raised to 240 °C at the rate of 8 °C/min and finally for 5 min at
240 °C. The mass spectrometer was subjected to electron ionization
mode at 70 eV. Mass-to-charge (m/z) ratio between 15 and 300 were
scanned.

GC-MS Data Processing and Semi-Quantitation. The GC-MS
data were processed using MSD Chemstation software (E 02.02.1431,
Agilent Technologies, Palo Alto, California). Volatile compounds were
identified by probability-based matching of their mass spectra with
those from the commercial database (Wiley275.L, HP product no.
G1035A).

Retention indices (RI) were calculated for all detected compounds
by running an alkane standard mixture (C5−C22). The identity of 10
compounds in fish, 7 in phytoplankton, and 4 in fish feed was
confirmed by running authentic standards, and the remaining
compounds were tentatively identified using MS library suggestions
from Wiley and confirmed with the RI values from the literature.

Geosmin in fish samples were quantified in one of the author’s
previous papers.2 The same peak area relative to the concentration
calibration curve was used to interpret the concentration of detected
compounds in the fish. A calibration curve for δ-3-carene was
prepared, and the peak area relative to the concentration was used to
quantitate levels of terpene compounds in fish feed and phytoplankton
biomass and are expressed as semiquantitation.
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■ RESULTS

Terpene Profile of Pangasius and Tilapia. A total of 20
terpenes, including 6 monoterpenes, 11 sesquiterpenes, and 3
other terpene-related compounds were identified in the
pangasius and tilapia fillets (Table 1). Eleven of the compounds
were characterized by a woody odor. Nine of these compounds
were sesquiterpenes, while one was a monoterpene (terpino-
lene), and one was a norisoprenoid (β-ionone). The remaining
nine compounds were characterized by terpene odors, such as
pine, musty, and herb-like odors.
The concentration of most of the volatile compounds in the

fish was below published odor thresholds. Exceptions were α-
pinene (0.15−10.4 ppb), limonene (0.35−20.8 ppb), β-

caryophyllene (0.1−120 ppb), α-humulene (0.05−115 ppb),
and β-ionone (0−0.2 ppb) in some tilapia and limonene
(0.15−45 ppb) and β-ionone (0−0.15 ppb) in pangasius.
However, for most of the identified compounds, no odor
threshold values are known.

Terpene Profiles of Phytoplankton Biomass. Eleven
monoterpenes were found in the phytoplankton biomass from
the ponds (Table 2). Among the terpenes, the identity of 7
compounds was confirmed by authentic standards, two
compounds by comparison to literature RI values, while the
identity of two compounds could not be determined, but their
mass spectra were similar to those of other monoterpenes, and
they were named unknown 1 and 2. Three compounds,

Table 1. Terpenes Identified in the Flesh of Pangasius and Tilapia along with Their Retention Indices (RI), Odor Description,
and Odor Thresholda

identification semiquantitationb (ng/g)

calculated
RI compound

RI of authentic
standard

tentative (MS, RI from the
literature)37

odor
description42 pangasius tilapia

odor threshold in water
(ppb)43

1024 α-pinene 1018 pine,
turpentine

0.06−3 0.15−10.4 6

1175 β-myrcene 1176 musty38 0.02−3.25 0.03−2.8 13−15
1199 limonene 1206 citrus, mint 0.15−45 0.35−20.8 10
1208 β-phellandrene 1216 mint,

turpentine
0.08−1 0.02−0.25 50039

1284 cymene 1275 gasoline,
citrus

0.15−2.2 0.18−3.2

1297 terpinolene 1298 woody,
piney44

0.01−1 0.03−0.5 200

1470 α-cubebene 147240 herb, wax 0−0.5 0.01−128
1481 δ-elemene 146532 wood 0−0.4 0.01−0.25
1506 α-copaene 1519 wood, spice 0.01−1 0.02−21
1547 α-gurjunene 1547 wood,

balsamic
0.007−4.5 0.05−3.5

1590 longifolene 1574 woody44 0.03−1 0.05−4.7
1617 β-caryophyllene 1616 wood, musty38 0.02−7 0.1−120 6439

1629 aromadendrene 1628 wood 0−1.5 0.01−0.8
1646 thujopsene 1660 0.03−0.3 0.01−0.5
1692 α-humulene 1689 wood 0.02−8.3 0.05−115 12039

1718 α-terpineol 1719 oil, anise, mint 0.01−0.4 0.05−1.5 330−350
1750 α-muurolene 1753 wood 0.01−0.9 0.07−27
1779 δ-cadinene 1784 thyme, wood 0.01−2 0.08−127
1861 calamenene 1839 herb, spice 0.02−10 0.35−108
1968 β-ionone 1965 wood, violet 0−0.15 0−0.2 0.007

aTerpenes in the fish were determined by authentic standards or identified using the MS library information and confirmation from RI values. bThe
terpene content range for 45 fish is shown.

Table 2. Terpenes Identified in Phytoplankton Biomass Collected from Fish Ponds along with Their Retention Indices (RI) and
Odor Description

identification

calculated RI compound RI of authentic standard tentative (MS, RI from the literature)37 semiquantitation (ng/100 mL) odor description42

1172 α-phellandrene 1174 0.8−9 turpentine, mint, spice
1176 δ-3-carene 1157 0.3−5 lemon, resin
1184 α-terpinene 1182 2.5−27 lemon
1212 β-phellandrene 1216 0.8−8 mint, turpentine
1258 unknown 1 0.4−20
1260 γ-terpinene 1259 0.1−15 gasoline, turpentine
1296 terpinolene 1298 0.4−37 woody, piney44

1301 isoterpinolene 133141 1−12
1353 unknown 2 0.6−19
1876 α-ionone 1875 0.4−20 wood, violet
1961 β-ionone 1965 0.2−51 wood, violet
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terpinolene, α-ionone, and β-ionone, are characterized by
woody odor notes, while odor descriptors of the remaining
compounds typically are turpentine- and lemon-like. Only three
compounds, β-phellandrene, terpinolene, and β-ionone, were
present in both fish flesh and phytoplankton biomass. The
content of β-phellandrene, terpinolene, and β-ionone ranged
from 0.8 to 8, 0.4 to 37, and 0.2 to 51 ng/100 mL of filtered
water, respectively. No sesquiterpenes were found in
phytoplankton biomass.
Terpene Profiles of Fish Feed. Four monoterpenes along

with two sesquiterpenes and one terpenoid were detected in
the feeds and/or in the feed ingredients (Table 3). Three of the
compounds were identified by authentic standards, while the
rest were identified by comparing RI values as mentioned
above. Among the 7 identified terpenes, five were found in
Pangas Grower feed, four in the mustard seed cake, and two in
the Tilapia Starter feed, while the rape seed cake only contained
one terpene (limonene). Five terpenes, including three
monoterpenes (α-pinene, limonene, and terpinolene) and
two sesquiterpenes (longifolene and α-muurolene), were
present in both fish flesh and feed. Three of the compounds

found in fish and feed have woody odor notes (terpinolene,
longifolene, and α-muurolene). Concentrations of monoter-
penes (α-pinene at 5−43 ng/g and δ-3-carene at 9−75 ng/g) in
feed samples were higher than the concentrations of
sesquiterpenes (longifolene at 0.6−1.5 ng/g and α-muurolene
at 0.3−0.8 ng/g).

Terpene Profiles of Pond Water. No terpenes were
detected in the water in the ponds. Mean geosmin
concentration in the pond water was 3.9 ng/L, and
concentrations >10 ng/L occurred only in 3 of 56 samples,
while 2-MIB was undetectable due to coelution with an
unknown compound.2

■ DISCUSSION

Among the 20 identified terpenes in the two fish species, five
terpenes were also found in the fish feed, but only three of the
terpenes occurred in both fish and phytoplankton (Figure 1).
This may suggest that fish feed and algae in the water were not
major sources of volatile compounds that contributed off-flavor
to the two fish species. However, the knowledge on the
abundance of different volatile terpenes in fish is limited, and

Table 3. Terpenes Identified in Fish Feed along with Their Retention Indices (RI) and Odor Description

identification

calculated
RI compound

RI of authentic
standard

tentative (MS, RI from
literature)37 odor description42

semiquantitation
(ng/g) found in

1016 α-pinene 1018 pine, turpentine 5−43 Pangas Grower mustard seed cake
1152 δ-3-carene 1157 lemon, resin 9−75 Pangas Grower mustard seed cake

Tilapia starter
1198 limonene 1206 citrus, mint 3−26 all feeds and feed ingredients
1257 p-cymene 1250 solvent, gasoline,

citrus
1−3 Pangas Grower

1298 terpinolene 1298 woody, piney43 3−7 mustard seed cake
1593 longifolene 1574 woody44 0.6−1.5 Pangas Grower
1744 α-muurolene 1753 woody 0.3−0.8 mustard seed cake

Figure 1. Venn diagram comparing the most abundant terpenes in fish, phytoplankton, and fish feed.
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specific sources of terpenes and other odor-active components
are typically based on assumption.1

Terpenes in Fish. Although terpenes previously have been
identified in fish, most of the terpenes in this study are reported
for the first time in fresh fish flesh. Among previously reported
terpenes in fish are α-pinene, β-caryophyllene, and limonene in
rainbow trout,18,7 α-pinene, cymene, limonene, and α-terpineol
in sea bass,19 aromadendrene in salmon,20 and α-pinene,
myrcene, limonene, and longifolene in sea bream.21,18 Most of
these aroma compounds are characterized by fruity, vegetable-
like, and woody flavor descriptors. In the analyzed tilapia and
pangasius samples, about half of the volatiles had woody odor
descriptors in common, while the rest of the compounds
typically had fruity or spicy flavors. Woody and piney flavors
have previously been identified in sensory flavor profiling of
fish.22,23 van der Ploeg22 proposed a flavor wheel to grade the
pond-raised channel catfish in which the flavor notes of earthy,
musty, woody, and piney were described as most objectionable
flavors, although the woody off-flavor was one of the most
difficult notes to perceive. The origin of woody flavor in the fish
was not determined in this study, and no attempts to correlate
sensory perception with instrumental flavor analysis were made.
In the channel catfish, it was presumed that the flavor
originated from cyanobacteria or the degradation of 2-MIB.22,23

The chemical analysis of tilapia and pangasius demonstrated
the presence of several terpenes with a woody odor property,
suggesting that this flavor could be the main reason for the low
grade in sensory quality given by the Bangladeshi panel.2

Unfortunately, the odor threshold is only known for a few of
the presently detected compounds and only from solutions in
water. Among the most abundant compounds in the fish were
β-caryophyllene, α-humulene, and β-ionone, and they are all
characterized by woody notes. Although only three of 11
compounds with woody odor levels were above their threshold
(determined in water), the cumulative perception of woody
notes from several individual compounds may significantly have
affected the overall sensory quality.
Not only terpenes but also their degradation products may

taint fish since both terpenes and terpenoids can be very
reactive. For example, β-ionone, in the presence of β-ionone
oxygenase, produces several degradation products like β-ionol,
dihydro-β-ionone, tetrahydroionone, and 4-oxo-β-ionone.
These compounds have all been reported to taint fish.24

Terpenes in Phytoplankton. Only three monoterpenes
were found in both fish and phytoplankton biomass, and
surprisingly no sesquiterpenes, not even geosmin, were found
in the phytoplankton biomass (information on geosmin is
unpublished information by the authors). Among the identified
monoterpenes in the phytoplankton was β-ionone, which is one
of the most common terpenoids produced by cyanobac-
teria.24,25 β-Ionone was also the most abundant terpene in
some of the present plankton samples. Certain filamentous
cyanobacteria are known to produce sesquiterpenes in addition
to geosmin, e.g., germacrene-D and γ-cadinene by Oscillatoria
sp.17,26 and 8a-epi-α-selinene by Nostoc punctiforme.27 The
phytoplankton in the Bangladeshi ponds was dominated by
chlorophytes and diatoms, rather than cyanobacteria,2 but the
terpene profiles of these two algal groups are still uncharac-
terized.
Possibly, the present procedure for extraction and analysis of

volatile compounds in the phytoplankton biomass (addition of
salt and heating at 50 °C) underestimated the production of
terpenes in the algal cells. Only intracellular compounds were

included in the terpene analysis, implying that the terpenes that
might have been released by algae to the pond water were not
part of the terpene profiles. However, no terpenes were
detected in the pond water, suggesting that release of mono-
and sesquiterpenes by phytoplankton was negligible at sampling
time.

Terpenes Produced by Bacteria. Another source of
terpenes in the fish may have been filamentous Actinobacteria
(popularly named as actinomycetes). Filamentous Actino-
bacteria are common bacteria in freshwater,28 and they produce
many structurally diverse terpenes.29,30 The latter authors
(Dickschat29 and Rabe et al.30) reported the production of
volatile terpenes by different geosmin-producing Actinobacteria
(Saccharopolyspora spinosa, Streptomyces f ilamentosus, and S.
rimosus). Among terpenes identified by Rabe et al.30 were the
following sesquiterpenes that were also identified in fish in our
study: α-cubebene, δ-elemene, α-copaene, β-caryophyllene, α-
humulene, and α-muurolene, α-pinene, limonene, and α-
terpineol.
In isolates of Streptomyces, Yamada et al.31 observed the

expression of genes responsible for the synthesis of several
terpenoids that we also found in the fish: δ-cadinene, α-
gurjunene, α-humulene, and β-elemene (in S. clavuligerus); α-
copaene and α-muurolene (in S. griseus); α-copaene,
aromadendrene, and α-cubebene (in S. lactacystinaeus). Pollak
and Berger32 reported geosmin-related volatiles produced by S.
citreus, including β-myrcene, δ-elemene, and δ-cadinene. These
volatiles were also found in the present study.
Densities of Streptomyces spp. in the Bangladeshi fish ponds

were quantified by Petersen et al.,2 but their actual contribution
to the production of terpenes in the ponds was not examined.
Filamentous, photosynthetic bacteria (cyanobacteria) have
been found in the stomach content of tilapia,1 but it is
unknown if fish actively feed on larger filamentous microbes,
such as cyanobacteria, or whether the microbes are ingested
because they are attached to particles in water and sediment.

Terpenes in Fish Feed. The presence of terpenes in meat
and other food products of animal origin has previously been
attributed to feed and feeding habitats.33 For example, the
sesquiterpene β-caryophyllene was described as a biomarker of
grass feeding in sheep meat.34 In the flesh of Thai tilapia, the
content of terpenes was assumed to originate from cyanobac-
teria among the phytoplankton.1 In marine sole, a higher
content of plant protein in the feed increased the amount of
limonene in the flesh.15 In our study, five of 20 compounds
detected in the fish were also found in the feed, and four were
identified in the feed ingredient mustard seed cake. α-Pinene
and limonene were the most abundant monoterpenes common
to both fish and feed (up to 43 and 26 ng/g, respectively, in the
feed), while the dominant monoterpene in the feed, δ-3-carene
(up to 75 ng/g in feed and mustard seed), did not occur in the
fish flesh. Among the 11 identified sesquiterpenes in the fish,
only two (α-muurolene and longifolene) were also identified in
the feed and feed ingredients (up to 0.8 and 1.5 ng/g,
respectively, in feed or feed ingredient).
In an attempt to estimate if terpenes in the fish actually might

originate from the feed, the feeding time required for the
terpene limonene (occurred in all feeds and fish) to fulfill the
content in the fish was calculated. During the last months
before harvest, the fish were fed about 3% of their wet weight
every day.2 Applying the measured range in the content of
limonene in feed and fish (Tables 1 and 3), weight of the fish at
harvest and the daily feed ration, the number of days required
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to reach the limonene content in the fish was 0.5 to 230 days in
tilapia and 0.2 to 500 days in pangasius, if the feed was the only
source of limonene. Thus, it is realistic to assume that limonene
and possibly also other terpenes in the fish did originate from
the feed. However, the present comparison of terpenes in feed,
feed ingredients, and fish flesh should be considered indicative
rather than conclusive since we were not able to analyze the
feed originally used for raising the fish. Instead, we tested two
similar products with comparable ingredients and protein
source (mustard cake), both being representative of fish feed
used in Bangladesh.35

In conclusion, the presence of terpenes and terpene-like
compounds in the flesh of tilapia and pangasius demonstrates
that the two fish species acquire terpenes from external sources
because fish do not produce terpenes. Since concentrations of
terpenes dissolved in the water were below the detection limit,
terpenes in the fish did most likely originate from ingestion of
particulate matter, being feed or plankton. However, if tilapia
and pangasius can accumulate dissolved terpenes, as shown for
2-MIB and geosmin in trout (concentration factor of 200- to
400-fold in the flesh relative to the ambient water),36 dissolved
terpenes in the pond water might have contributed to the
terpene content in the two fish species. The higher number of
identical terpenes in fish and feed, than in fish and
phytoplankton, as well as the estimate on accumulation of
limonene as proxy for the uptake of terpenes from feed, may
indicate that fish feed was a more abundant source of terpenes
than phytoplankton. Unfortunately, human odor threshold
levels are only available for a few of the terpenes detected in the
fish, and thus, it is difficult to conclude which of the terpenes
potentially might have contributed to the unpalatable taste and
flavor of the fish, as observed by the Bangladeshi consumer
panel.2
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