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Abstract

HAMACKOVA, J., J. KOURIL, P. KOZAK and Z. STUPKA, 2006. Clove oil as an
anaesthetic for different freshwater fish species. Bulg. J. Agric. Sci., 12: 185-194

Results of experiments with clove oil utilization as an anaesthetic for fish realized in the
University of South Bohemia Research Institute of Fish Culture and Hydrobiology at Vodтany
are described. A series of observations was performed to evaluate the anaesthetic effects of
clove oil on a broad spectrum of fish species. In selected fish species, the effect of fish size,
temperature of aquatic environment, anaesthetics concentration and exposure time upon the
anaesthetic effects were studied. Within the realized experiments, concentration of 0.03 - 0.05
ml.l-1 can be generally recommended for fish. The only exception are salmonids and sturgeons
which need lower (0.02 - 0.03 ml.l-1) and higher (0.07 ml.l-1) concentrations, respectively. Exposure
period between 2 and 4 min. is sufficient for full anaesthesia and is strongly dependent on water
temperature.
Кey words: anaesthesia, clove oil, anaesthesia phases, recovery, fish

Introduction

In fish farming, an anaesthesia of fish
is necessarial to lower the level of stress,
to prevent any injuries of fish during
handling (particularly in artificial repro-
duction, marking/ tagging, biometric eva-
luation, biopsy, application of hormonal pre-
parations, health state checking etc.), and
in the Czech Republic also within the ful-
filment of the Act of Protection the Ani-

mals against Maltreating conditions.
According to many authors, an ideal

anaesthetics fulfils such requirements as
are a quick induction of anaesthesis toge-
ther with its gradual recovery, anaesthetics
must not be toxic to fish, must not develop
any problems neither in attendance
workers, must be quickly metabolized and
excreted from organism, must not produce
any rezidues and must be cheap (Marking
and Meyer, 1985; Keene et al., 1998; Tye
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and Page, 1998; Morgan and Groot, 2002).
In the last time, clove oil /clove essential

oil,respectively/(Cariophylli acethe-
roleum, Oleum Caryophylli, Caryophylli
floris aetheroleum) has started to be used
as anaesthetics for fish. It is gained from
dry blossom buds of Jambosa caryo-
phyllus / Eugenia caryophallata tree.
Clove oil is a slightly yellowish and/or
brownish liquid strongly refracting the light,
it has a characteristic pleasant smell and
burning taste (Czech Pharmacopoedia,
1997). Clove oil has also the antibiotic,
antiseptic, antibacterial, antiviral,
anaelgetic, antioxidative, antisuffocating
and antihistaminic effects.

According to Hermanini and
Tangendjaja (1988), eugenol (4-allyl-2-
methoxyphenol) is an active component of
clove oil representing 70 to 90% of its
weight together with eugenol acetate
(>17%) and cartiofilen-5 (12%). A broad
spectrum of turpentine compounds giving
the characteristic smell and taste are the
other components (Ross and Ross, 1999).

Eugenol was broadly tested for its
safety use in a human consumption. Clove,
clove oil and eugenol are generally
recognized as fully safe for human
organism up to the level of 1500 ppm
(USFDA, 1978). Eugenol and its con-
jugation including metabolites quickly leave
the blood circulation and tissues of people
who handle with these substances, and
they are characterized neither toxic nort
carcinogenous (Fischer and Dengler,
1990).

In Indonesia, clove was for centuries
used as a local anaesthetic in headache,
teethache and arthritis (Ross and Ross,
1999; Talor and Roberts, 1999). Within its
character, eugenol is used in a broad
spectrum of different applications including
the antioxidative effects (Kramer, 1985;
Nagababu and Lakshmaiah, 1992; Pulla

Reddy and Lokes, 1992; Rajakumar and
Rao, 1993), antimycotic effects (Bullerman
et al., 1977; Karapmar, 1990), antibacterial
effects (Karapmar and Aktug, 1987;
Briozzo et al., 1989; Moleyar and
Narasimham, 1992) and/or as an ingre-
dient in some sorts of cigarettes (La Voie
et al., 1986; Council of Scientific Affairs,
1988; Guidotti, 1989). Endo et al. (1972)
describe an application of clove as an an-
aesthetic for animals.

Clove oil as an attractive anaesthetics
for fish (due to its cheapness and safety
for a man and environment) is described
by Waterstrat (1999), Griffiths (2000), Cho
and Heath (2000), Mylonas et al. (2005),
Soto and Burhanuddin (1995).

Regarding of its anaesthetic course and
recovery in dependence on a dosage and
exposure time, clove oil is chracterized as
a typical anaesthetics for fish by
McFarland (1959); Jolla et al. (1972);
Hikasa et al. (1986); Roubach et al. (2005);
Mylonas et al. (2005). Clove oil is also
mentioned in a survey of anaesthetics used
in fish farming (Svoboda and Kolářová,
1999).

The presented paper on clove oil uti-
lization as an anaesthetic for fish summa-
rizes both the reference data and experi-
mental results gained within the research
works of the University of South Bohemia
Research Institute of Fish Culture and
Hydrobiology at Vodňany.

Material and Methods

Clove oil distributed by a company of
Dr. Kulich (Czech Republic) was used in
experiments. The used concentrations of
clove oil (from 0.020 to 0.070 ml.l-1) were
estimated in regards to temperature and
fish species and based on orientation test
which was proposed in a way to gain the
last, and/or at least the last but one phase
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of anaesthesis. Prior the own tests, the
experimental fish were adapted to
determined water temperature. For indi-
vidual fish species, the water temperatures
were chosen referring to their standard
handling conditions under which an anaes-
thetic utilization is taken into account. This
refers to temperature between 4 and 25°C.
For all temperatures and fish species, 10
minutes exposure period in anaesthetics
solution was applied. Two individual fish
were paralelly used when monitoring the
course of anaesthesis (altogether 10-16
individuals). After stocking the randomly
sampled fish from the storage tank, the
starting times of individual anaesthesis
phases (0, I, IIa, IIb, III) were recorded.
After 10 minutes exposure, the fish were
transferred into a clear aerated water of
the same temperature. Followingly, the
individual recovery phases (according to
criteria presented by Trzebiatowski et al.
(1996), and Kazuń et al. (1999) – (Tab-
le 1) were recorded as well. Lengths and
weights of individual fish were also re-
corded.

Experiments with clove oil in solutions
of different water temperature were real-

ized in tench, carp, perch, african catfish,
nile tilapia, sterlet, stor sturgeon and
siberian sturgeon.

Lethal concentrations were determined
for brook trout, burbot and carp. Acute
toxicity of clove oil for carp (age 0+, weight
11.0 ± 3.1 g) was determined under 4
different water temperatures (10, 15, 20
and 25°C) and 4 exposure times in
anaesthetics solution (5, 10, 20 and 40
minutes). Adapted method for acute
toxicity evaluation by means of probite
analysis (ON 46 6807) was applied in
calculation. The gained values of acute
toxicity were expressed by lethal
concentration parameter (LC50) including
the application of confidence intervals
(95% of probability).

Results

Clove oil concentration of 0.033 ml.l-1

was sufficient to produce anaesthesis in a
majority of fish species (grass carp, black
carp, gudgeon, grayling, tench, burbot,
perch, barbel, rudd, trout, pike and tilapia).

Three levels of water temperature
(20.0; 22.5; 25.0°C) and six different clove

 Phase Characteristics
0 Physiological position. Normal locomotor activity.
I Physiological position. Increased locomotor activity.

II a Decreased locomotor activity. Slight tilting on the flank.
II b Flank position. Immobilization.
III Breathing stopped.
II b Flank position. Immobilization.
II a Uncoordinated locomotion. Signs of physiological position.

I Physiological position. Decreased locomotor activity.
0 Physiological position. Normal locomotor activity.

Table 1 
Characteristics of individual phases of physiological changes under the activity of 
anaesthetics

Anaesthesia 
induction

Recovery from 
anaesthesia
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oil concentrations (0.0089; 0.0133; 0.0200;
0.0300; 0.0450; 0.0675 ml.l-1) were tested
in african catfish fingerlings (weight of 5-
15 g; length of 85-125 mm). Even at
concentration of 0.02 ml.l-1, the IIIrd phase
was not gained at any temperature level.
This phase was reached in 60% of
individuals under concentration of 0.03
ml.l-1 and at water temperature of 25.0°C.
At concentration of 0.0675 ml.l-1, the IIIrd

phase of anaesthesis was reached in 100%
of individuals at all water temperature
levels (Karvánková, 2003).

The clove oil anaesthetic (0.033 ml.l-1)
was tested in perch (Perca fluviatilis) of
average weight 32.2 - 40.4 g at 10 minutes
exposure and at 4 different water
temperatures (12.5; 15.0; 17.5; 20.0°C).
The terminal phase III of anaesthesia was
attained in all individuals under study after
6.98 min (17.5°C) to 7.57 min (12.5°C),
and/or after 3.73 min (20.0°C) to 6.05 min
(12.5°C). The time of recovery ranged
from 6.06 min (12.5°C) to 9.21 min
(15.0°C), and from 3.69 min (20.0°C) to
7.44 min (12.5°C). No temperature depen-
dence appeared in clove oil efficiency
(Hamáčková et al., 2001b).

Effects of clove oil in concentration of
0.070 ml.l-1 at 10 minutes exposure as an
anaesthetics for siberian sturgeon
(Acipenser baeri) and sterlet (Acipenser
ruthenus) in 0+ age and individual weight
of 100 - 180 and 115 - 140 g, respectively,
were tested at five different temperatures
(4; 8; 12; 16 and 20°C). A starting period
of total surface anaesthesia (IIb) was
recorded between the mean values 53.1
and 83.4 s. at 20°C, and 122.2 and 180.6
s. at 4°C. Based on the gained results, the
above mentioned anaesthetics can be
recommended for a given fish species
(Kouřil et al., 2003; Hamáčková et al.,
2004a).

In carp, a negative dependence of LC50

value on a water temperature and expo-
sure time was recorded. The lowest cal-
culated LC50 value (0.027 ml.l-1) was
reached at combination of the highest
applicated temperature (25°C) and longest
tested exposure (40 min.). On the other
hand, the highest LC50 value (0.752 ml.l-

1) was gained at combination of lowest
applicated temperature (10°C) and
shortest exposure (5 min.) (Chmel, 2002).

Starting phase of anaesthesia and
duration of other individual phases were
studied in brook trout (Salvelinus
fontinalis) under application of clove oil
for 10 min. exposure at 5°C water
temperature. Fish of 30.1 ± 10.87 g mean
individual weight were tested for 11
concentrations ranging between 0.033 and
1.5 ml.l-1. The phase III of anaesthesia was
not gained when concentrations were
0.033 and 0.04 ml.l-1. No mortality
occurred at concentrations bewteen 0.033
and 0.2 ml.l-1. The values of LC50 (0.61
ml.l-1), LC100 (1.92 ml.l-1) and LC0 (0.19
ml.l-1) were calculated using the EKO-
TOX 5.1 software (Hamáčková et al.,
2004).

Quotations of domestic authors
referring to clove oil application as an
anaesthetics for different fish species are
presented in Table 2.

Discussion

In accordance with our results (Ham-
áčková et al., 2000, 2001a, b; Stupka, 2002;
Stupka and Kouřil, 2003; Kouřil et al.,
2003), many foreign authors refer to clove
oil as an attractive anasthetics for fish due
to its low price and both human and
enviromental safety (McFarland, 1959;
Jolla et al., 1972; Hikasa et al., 1986;
Waterstrat, 1999; Griffiths, 2000; Cho and
Heath, 2000; Roubach et al., 2005;
Mylonas et al., 2005).
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Table 2
Review of clove oil concentrations (ml.l-1) used by us together with water temperatures in
individual fish species including the publication quotations

0 .00 8 9-  0 .0 67 5 2 0  –  2 5 A fric a n  c a t fis h K a rv a n ko v a  (2003)

0 .03 3  –  0 .05 0 1 5  –  2 5 N ile  t ila p ia K o u ril e t  a l. (2001),
S tu p ka  (2002) 

0 .03 3 1 5  –  2 0 te n c h , b la c k c a rp K o u ril e t  a l. (2001),
S tu p ka  (2002)

0 .03 3  –  0 .05 0 1 8 .4  – 20 Eu ro p e a n  c a t fis h K o u ril e t  a l. (2001),
S tu p ka  (2002)

0 .02 5  –  0 .06 0  5  –  2 0 c a rp  -  f in g e rlin g   a n d  s to c k-s ize Ch m e l 2002
0 .02  –  0 .0 8 4  –  1 6 b ro o k t ro u t u n p u b lis h e d

0 .03 3 2 0 ru d d S tu p ka  a n d  K o u ril 2003

0 .03 3 1 8 g ra s s  c a rp K o u ril e t a l. (2001),
S tu p ka  (2002)

0 .05 0 1 2 id e  S tu p ka  (2002)

0 .04 5 1 0 p ike p e rc h
K o u ril e t  a l. (2001),
S tu p ka  (2002)

0 .06 6 1 0 b ro o k t ro u t , c h u b  
K o u ril e t  a l. (2001),
S tu p ka  (2002)

0 .01 0  –  0 .02 0 7 .5 S a kh a lin  t a im e n K o u ril e t  a l. u n p u b lis h e d

0 .03 3 1 N o rth e rn  w h ite fis h S tu p ka  (2002)

0 .03 3 1 5  –  2 5 te n c h
H a m a c ko v a  e t  a l.(2000, 
2001a , 2004b )

0 .07 0 4  –  2 0 S ib e ria n  s tu rg e o n , s t e rle t
K o u ril e t  a l. (2003) H a ma c -
ko v a  e t  a l. (2004a )

0 .02 -0 .07 5 b u rb o t  (4  c o n c e n -
t ra t io n s  - to xi-t e s t s ) S tu p ka  (2002)

0 .03 3 -1 .5 5 b ro o k t ro u t  (11  c o n c e n -
t ra t io n s  - to xi-t e s t s ) H a m a c ko v a  e t  a l. (2004c )

0 .02 5 ; 0 .0 33 1 0 ra in b o w  t ro u t , b ro w n  
t ro u t , g ra y lin g , p ike  

K o u ril e t  a l. (2001), S tu p ka  
(2002)

0 .03 3 1 5 ru d d , ro a c h , b a rb e l, g u d g e o n , 
p e rc h , b u rb o t , id e  

H a m a c ko v a  e t  a l.. (2001b ),
S tu p ka  (2002),
S tu p ka  a n d  K o u ril 2003

0 .07 0 4  –  2 0 s to r s tu rg e o n , s tu rg e o n  h y b rid  
A . b a e ri  x  A . m e d ro s t ri s u n p u b lis h e d  

0 .03 3 4 59 3 1 c a rp  o f 0+  a g e  (5  to  40 m in . 
o f e xp o s u re  - to xi-t e s ty ) Ch m e l 2002

0 .06 6 2 0 g ib e l c a rp
S tu p ka  (2002), S tu p ka  a n d  
K o u ril 2003

D o s a g e s , 
m l.l-1

W a t e r
t e mp e ra tu re ,

 0 C
F is h  s p e c ie s D e ta ile d  re s u lt s  a s  q u o te d
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Anderson et al. (1997) compared the
effectivity of MS 222 anaesthetics with
clove oil in juvenile and adult rainbow trout
(Oncorhynchus mykiss). They reached
the same effect with clove oil as with MS
222 and propose to utilize it as an
alternative anaesthetic for MS 222. Based
on our results in tench, perch, burbot,
catfish, pike, pikeperch, grayling, rainbow
trout, brown trout, brook trout, crucian
carp and rudd, clove oil anaesthetics can
be recommended as an alternative
anaesthetics for 2-phenoxyethanol
(Stupka, 2002; Hamácková et al., 2000,
2001b, 2004b; Karvánková, 2003).

Physiological stress responses in
juvenile salmon (Oncorhynchus
tschawytscha) under application of clove
oil and tricain (MS 222) were observed
by Erdmann (1999). Within the gained
results, clove oil is recommended to be used
as a safe and economic anaesthetic with
no any ecological risks and in which a
consumption safeguarding period is not
needed.

Tamaru et al. (1996) realized a compa-
rison of clove oil and 2-phenoxyethanol at
biopsy and individual weight of fish species
Siganus argentus. Under application of
the same dosages, clove oil showed to be
more effective. Adámek (1999) succe-
ssfully used clove oil in Oryzias latipes in
collection the eggs for incubation and de-
scribed it as a safety anaesthetiscs with-
out any harmful effects. Munady and
Wilson (1997) compared the effectiveness
of different anaesthetics - quinaldine,
benzocain, tricain (MS 222), 2-pheno-
xyethanol and clove oil - in fish of coral
reefs (Pomacentrus amboinensis). Clove
oil was a litle bit less effective compared
with quinaldine, but more effective than
any other anaesthetiscs. Moreover, fish
exposed to clove oil revealed more quiet
induction of anaesthesis compared with

fish exposed to quinaldine. After clove oil
anaesthesis, recover period was 2 – 3
times longer compared with other
anasesthetiscs, survival of fish was superb
in all types of anaesthetics. The authors
recommend clove oil as a very effective
anaesthetic.

To prepare an emulsion of clove oil,
Durwille and Collet (2001) recommend the
following procedure: A known volume of
clove oil is mixed with water by means of
shaking in a small bottle. This emulsion is
then applied in the water. The same
authors did not recognize any dependence
between a weight of fish and a dosage of
clove oil for a range of 0.025 to 0.2 ml.l-1.
They recommend to use the clove oil for
fish under the weight of 1 g. During our
experiments with fingerling and stock-size
carp, the dependence between the weight
of fish and clove oil toxicity was recorded.
Fish of higher weight were 2 – 3 times
more sensitive (expressed in LC50).

In salmon Oncorhynchus tsha-
wytscha and O. mykiss, Taylor and
Roberts (1999) report the 10 min. exposure
in clove oil represents LC50 62 mg.l-1

(0.059 ml.l-1 as recalcuted by the authors
of the presented paper) and 96 mg.l-1

(about 0.092 ml.l-1), respectively. The
values reached under the same condition
were 250 mg.l-1 (about 0.238 ml.l-1) for
rainbow trout, and 526 mg.l-1 (about 0.502
ml.l-1) for sturgeon Acipenser trans-
montanus. Dosage of 25 mg.l-1 (about
0.024 ml.l-1) of clove oil developed
anaesthesis in all mentioned fish species
and is presented as safety.

In a juvenile rainbow trout, Keene et
al. (1998) found about 9 ppm (about 0.009
ml.l-1) as LC50 at 8 - 96 h. They described
the induction of clove oil anaesthesis is
faster compared with MS 222 anaesthetics
at the same concentration; nevertheless
the recovery period is 6 - 10 times longer.
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According to the authors, a dosage of 40
to 60 ppm (0.040 to 0.060 ml.l-1) is a suit-
able level for fast anaesthesis and a rela-
tively short period of recovery in juvenile
rainbow trout.

Velíšek et al. (2005a, b) tested an acute
toxicity of clove oil for carp and rainbow
trout. Based on the results of
haematological and histological changes,
clove oil at concentration of 30 mg.l-1 does
not irreversibely damage the carp and rain-
bow trout.

At 10 min. exposure, clove oil at con-
centrations between 35 and 135 mg.l-1 was
tested in both juvenile and adult fish
Colossoma macropomum by Roubach et
al. (2005) who tried to find the safety dos-
ages. They also investigated the effects
of anaesthetics for the period of 30 min
and recognized the clove oil applied for 30
min at concentration of 65 mg.l-1 did not
develop any mortality and can be recom-
mended as safety.

At different temperatures, Mylonas et
al. (2005) investigated an effectivenss of
clove oil and 2-phenoxyethanol in Europeen
sea bass and gilthead sea bream. They
proved, in accordance with our results for
many fish species, the clove oil can be used
as an effective anaesthetics in nearly 10
times lower dosages compared with 2-
phenoxyethanol.

We tested the effects of three differ-
ent anaesthetics, 2-phenoxyethanol (0.6
ml.l-1), propiscin (0.75 ml.l-1) and clove oil
(0.033 ml.l-1), on adult tench (Tinca tinca
L.) weighing about 260 g on average (66 -
583 g) of both sexes at four different wa-
ter temperatures (17.9; 20.4; 22.5 and
25.1°C). At all temperatures, the earliest
induction of anaesthesis and the shortest
recovery period were registered in 2-
phenoxyethanol. In clove oil and 2-
phenoxyethanol, the period necessary for
induction the phase II b anaesthetics de-

clined with raising temperature, however
this phenomen was not registered for
propiscin (Hamáčková et al., 2000, 2001a,
2004b).

Conclusions
It is possible to state the time for reach-

ing the phase II b and/or III of anaesthesis
was more or less related indirectly to wa-
ter temperature. Together with incresing
water temperature, a period of reaching
the anasthesis and its full recovery was
shorter.

In a majority of fish species tested in
our experiments, the recommended dos-
age of clove oil was equal to 0.033 ml.l-1,
and for sturgeon to 0.07 ml.l-1.

Based on both our own results and lit-
erature quotations of many authors, clove
oil can be recommended as a very suit-
able, economically advantageous and easy
accessible anaesthetics for fish. Moreo-
ver as an advantage, it referrs to natural
substance which has no any side-effects
in fish and does not represent any eco-
logical neither hygienic risks.
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