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Steffenak, I., V. Hormazabal and M. Yndestad: Effect of cooking on residues of the qui-
nolones oxolinic acid and flumequine in fish. Acta vet. scand. 1994, 35, 299-301. — The
effect of cooking on residues of the quinolones oxolinic acid and flumequine in fish was
investigated. Salmon containing residues of oxolinic acid and flumequine was boiled or
baked in the oven. Samples of raw and cooked muscle, skin, and bone, as well as of the
water in which the fish was boiled and juice from the baked fish, were analysed. Oxo-
linic acid and flumequine did not degrade at the temperatures reached when cooking
the fish. However, fish muscle free from drug residues may be contaminated during
boiling and baking due to leakage of the drug from reservoirs in the fish.

heat treatment.

Introduction

The quinolone oxolinic acid, much used for
the treatment of infectious diseases in farmed
fish, has been the most used drug in Norwe-
gian aquaculture during the last three years.
In 1991, 11.4 metric tons of oxolinic acid were
employed, in addition to 5.7 tons of flume-
quine (Nafstad 1992).

Earlier we have found that residues of quino-
lones may persist in fish, especially in skin and
bone, for prolonged periods after end of treat-
ment, even though muscle and possibly liver
are free from residues (Steffenak et al. 1991a).
The purpose of the present study was to inves-
tigate the fate of residues of the quinolones
oxolinic acid and flumequine in fish which are
boiled or baked in the oven.

Materials and methods

Salmon samples

Salmon (Salmo salar) with residues of the qui-
nolones oxolinic acid or flumequine were
used in this investigation. The fish with oxo-

linic acid residues were sampled more than six
months after terminated treatment, while the
fish with flumequine residues were sampled
70 days after withdrawel of the drug.

Dosage regimens were 25 mg/kg fish body
weight for ten days, and 10 mg/kg for ten days
for oxolinic acid and flumequine, respectively.
The sea water temperature in the oxolinic
acid experiment was 6-14°C, and in the flume-
quine experiment approx. 14°C.

Samples of muscle, skin, and bone from raw,
boiled and baked fish were analysed, as was
the water in which the fish were boiled and
the juice exuding from the baked fish.

Cooking procedures

One sample for boiling and one sample for
baking were taken from each fish. All analy-
ses were repeated on three or four fish in each
case. Boiling: Fish samples of 75 - 200 g were
placed in 200 - 250 ml of boiling water and left
until just cooked (flesh just loosening from
the bone). Baking: Fish samples of 75 - 275 g
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Table 1. Residues of oxolinic acid (OX) and flumequine (FQ) in fish muscle, skin and bone, before and after
boiling and baking in the oven, and in the boiling water and in juice exuded from the baked fish. Results are

given as the average for three to four fish.

Tissue content (ng/g) Total amount
Treatment in water or juice
Drug of fish Muscle Skin Bone (ng)
(0),4 Raw 0 35 164
Boiled 6 12 46 625
Baked 7 17 57 23
FQ Raw 0 36 465
Boiled 0 58 493 600
Baked 0 60 692 104

were packed in aluminium foil and put into a
preheated oven (200°C) and again left until
just cooked.

Methods

Muscle, skin, and bone samples from raw and
cooked fish containing oxolinic acid and
flumequine were analysed by the method of
Steffenak et al. (1991b). The sensitivity of the
method for the determination of oxolinic acid
was 5 ng/g, and for the determination of
flumequine 10 ng/g. All samples of skin and
bone were finely divided with a pair of scissors
and left in the extraction fluid over night to
extract the drug.

Water samples, boiling water and juice from
baked fish, were analysed by a modified ver-
sion of the method of Rogstad et al. (1989).

Results and discussion

The results are presented in Table 1. No resi-
dues of oxolinic acid were found in raw fish
muscle. After cooking, however, residues
were detected in both boiled and baked mus-
cle. The oxolinic acid content in both skin and
bone was lower after boiling and baking in the
oven than in the raw fish. Analysis of the boil-
ing water and of the juice excuding from the
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baked fish, showed that oxolinic acid leaked
out during preparation. The oxolinic acid con-
tent in boiled fish seemed to be slightly lower
than in baked fish.

The muscle samples from fish treated with
flumequine were negative both before and af-
ter cooking. The levels of flumequine in the
skin were slightly higher after boiling and
baking than in the raw state. Bone samples
also showed higher values after cooking.
Flumequine was also found to have leaked
out into the boiling water, and into the juice
from the baked fish.

The higher levels of flumequine found in tis-
sues after preparation of the fish were prob-
ably due to the heat treatment making flume-
quine more available for extraction. We did
not detect residues of flumequine in the mus-
cle after cooking, as we did for oxolinic acid.
For both the quinolones investigated, some of
the »reservoir« residues (Steffenak et al.
1991a) leaked out into the boiling water or the
juice exuded from the baked fish. Although
there may be no residues left in the raw fish
muscle before preparation, the muscle may
become contaminated with small amounts of
the drug on cooking, due to leakage from the
reservoirs. We detected residues of oxolinic
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acid in muscle tissue after boiling and baking
even though no residues were detected before
cooking. The reason why no flumequine resi-
dues were detected in the fish muscle after
cooking might be that the detection limit of
the method is higher for flumequine than for
oxolinic acid, i.e. 10 ng/g and 5 ng/g, respec-
tively (Steffenak et al. 1991b).

Levels of oxolinic acid and flumequine in
boiled fish seemed to be slightly lower than in
baked fish. This is probably due to more of the
residues leaking out into the boiling water
than into the juice exuded from baked fish.
Neither of the quinolones included in this
study seemed to degrade at the temperatures
reached in the fish on cooking.

Residues of a drug may persist in reservoirs in
fish for prolonged periods after end of treat-
ment (Steffenak et al. 1991a). The residue lev-
els in fish found in this study thus indicate the
magnitude of those which may be found in
fish as consumed.
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Sammendrag

Effekten av varmebehandling, koking og baking, pd
rester av quinolonene oksolinsyre og flumequin i fisk.
Effekten av varmebehandling pé rester av quinolo-
nene oksolinsyre og flumequin i fisk ble undersgkt.
Laks med rester av oksolinsyre og flumequin ble
kokt eller bakt i stekeovn. Prgver av rd og kokt mus-
kel, skinn og ben ble undersgkt, i tillegg til vannet
fisken ble kokt i og kraft fra bakingen av fisken. Ok-
solinsyre og flumequin ble ikke brutt ned ved de
temperaturene som ble oppnadd ved koking og bak-
ing. Muskel som ikke inneholder rester kan bli kon-
taminert ved koking og baking av fisk p& grunn av le-
kasje av rester fra reservoar i fisken.

(Received March 30, 1993; accepted June 16, 1994).

Reprints may be requested from: V. Hormazabal, Department of Food Hygiene, Norwegian College of Veteri-
nary Medicine, PO. Box 8146 — Dep., N-0033 Oslo 1, Norway.

Acta vet. scand. vol. 35 no. 3 - 1994








