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Abstract
The use of anaesthetics facilitates work with fish at the research level for weighing, sampling, disease
diagnosis, cannulation and transport where the fish must be held immobile for extended periods of time.
Many chemicals have proved effective in anesthetization of fish. In this study, we selected two
anaesthetics, phenoxyethanol and clove oil to test the efficacy in anesthetization of cobia Rachycentron
canadum .The efficacy of clove oil and phenoxyethanol as anesthetics was evaluated in the marine finfish
cobia, Rachycentron canadum. Significant differences were found in the induction and recovery stages at
different concentration levels of the anesthetics. Fishes exposed to 0.01-0.04 ml/L clove oil and 0.1-0.4
ml/L phenoxyethanol, had a 100% survival rate in the experimental period. The cobia exposed to the
lowest concentration of 0.01 ml/L clove oil and 0.2 ml/L phenoxyethanol did not reach the stage 3 due to
the insufficient concentration to obtain complete loss of reflexes and immobilization. The concentration
at 0.02 ml.l-1 clove oil and 0.2 ml/L phenoxyethanol showed the complete loss of equilibrium at 4 min.07
sec. and 2 min.56 sec. respectively. After transferring them into the recovery tanks normal locomotor
activity was observed. Based on our results both 2-phenoxyethanol and clove oil can be recommended
for cobia, Rachycentron canadum. Our results indicate that the induction time of the fish exposed to the
two anaesthetic solutions generally decreased with increasing concentrations, but the recovery time was
increased with increasing concentrations. The effective concentration which produced anaesthesia within
3 min and allowed recovery within 5 min for phenoxyethanol is 0.2 ml/L and clove oil is 0.03 ml/L.
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1. Introduction
Anesthesia is a biological state induced by an external agent, which results in the partial or
complete loss of sensation or loss of voluntary neuromotor control through chemical or nonchemical means [1]. In aquaculture, very often different manipulations should be done with
the fish, concerning their artificial reproduction, surgical operations, marking, transport,
blood sampling, etc., which can lead to stress, traumatism, or even to their death. All the
manipulations are difficult due to the energetic resistance of the fish, as a result of which
injuries, superficial and internal bleeding, incomplete spawn suckling and other negative
effects can be reduced to a minimum by using different types of anesthetics. Application of
anesthetics immobilizes the fish, decreases the stress and guarantees humane treatment of the
fish. A number of chemicals have proved effective in anaesthetization of fish. Each has its
own advantages and drawbacks. For example, only MS-222 (tricaine methanesulfonate) is
registered by the Food and Drug Administration (FDA) for use with food fish in the USA but
it is more expensive than a number of anesthetics. Clove oil received attention as an
alternative fish anesthetic for a variety of fish species [2, 3, 4, 5, 6] as well as for crustaceans [7].
Clove oil has recently been suggested as an alternative fish anesthetic. Clove oil is a pale
yellow liquid derived from the leaves, buds and stem of the clove tree (Eugenia sp.). Its
active ingredients are eugenol (4-allyl – 2-methoxyphenol) and iso-eugenol (4-propeny1-2methoxyphenol), which can comprise 90-95% of clove oil by weight. Clove oil is recognized
as GRAS (Generally Regarded as Safe) substance by the US FDA for use in humans. Clove
oil has a slightly faster induction time and a longer recovery time than similar concentration
of TMS [4, 6].
The anaesthetic efficacy of 2-phenoxyethanol has been documented for many fish species
including rainbow trout [8] and cod [9]. 2- phenoxyethanol was more suitable than either
quinate or MS-222 to sedate non-food (ornamental) fishes during live transport [10].
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Phenoxyethanol (PE) is a mild toxin and may cause some
irritation to the skin, therefore any contact with eyes should be
avoided [11]. Based on human toxicology data, it may also
cause liver and kidney damage [1]. Phenoxyethanol does not
block the stress response of fish and low doses have been
shown to cause changes in plasma levels of cortisol, glucose,
and lactate, with glucose and lactate levels being affected for
over 24 hours post exposure [12].
2-PE is also known as phenyl cellosolve, phenoxyethanol,
phenoxetol, ethylene glycol mono phenyl ether, and betahydroxy ethyl phenyl ether. The purpose of the present study
was to determine the efficacy of clove oil and 2phenoxyethanol as anaesthetics in cobia.
2. Materials and Methods
Clove oil (density 1.04g.ml/L) was purchased from Himedia
laboratories Pvt Ltd, Mumbai, India). 2-phenoxyethanol
(minimum assay 99.0%, maximum limits of impurities
0.005%) was obtained from Loba chemicals Pvt Ltd, Mumbai,
India). Clove oil was dissolved in ethyl alcohol (95%) at a ratio
of 1:9 and then added into the anesthetic tank with the volume
of 100 litre water. For clove oil, the concentrations
experimented were: 0.01 ml/L , 0.02 ml/L, 0.03 ml/L, and 0.04
ml/L. Phenoxyethanol did not require any preparation and it
was directly mixed into the water. Phenoxyethanol efficacy
was determined with four concentrations of 0.1 ml/L, 0.2 ml/L,
0.3 ml/L, and 0.4 ml/L. The cobia, Rachycentron canadum
with a mean weight of 226±42 g was used for the experiment.
The salinity and pH of experimental tanks ranged from 3435ppt and pH of 8.2-8.3 respectively. Water temperature and
dissolved oxygen were maintained at 27.8 oC – 28.4 oC and 5-8
mg/L respectively. For recovery from anesthetic effect, the
fishes were transferred into recovery tank and monitored for 24
hours. The time for induction of anesthesia and recovery was
measured with a stop watch, and the behavior of the fish was
observed and analyzed according to the stages described
elsewhere in this article [13].
Signs and Stages of Anesthesia in Rachycentron Canadum
(Modified from Theinpoint and Niemegeers, 1965)
Induction stages
 Loss of balance, partial inhibition of reactions to external
stimuli
 Total loss of equilibrium. Fish still react to strong stimuli.




Total loss of reflexes and movement, Fish lay on bottom
of the tank
Complete cessation of opercula movements, death.

Recovery stages
 Start of movements. Fish still lay on the bottom of the
tank
 Regular breathing. Reaction to strong stimuli. Irregular
balance
 Total recovery of equilibrium. Reaction to slight stimuli.
Normal swimming
ANOVA was used as a tool for statistical analysis. Duncan
Multiple Range Test was used to find out the differences if
any between various concentrations of both clove oil and
phenoxyethanol tested in this experiment.
3. Results
The results obtained from the experiment are shown in Table 1
and 2. Significant differences were found in the induction and
recovery stages at different concentration levels of the
anaesthetics. Fishes from the rearing tank exposed to 0.010.04 ml/L clove oil and 0.1-0.4 ml/L phenoxyethanol, had a
100% survival rate in the experimental period. No deaths were
occurred throughout the experiment. Fish exposed to 0.01
ml/L clove oil and 0.1 ml/L phenoxyethanol reached stage 2 of
the induction phase. The cobia exposed to the lowest
concentration of 0.01 ml/L clove oil and 0.1 ml/L
phenoxyethanol did not reach the stage 3 due to the
insufficient concentration to obtain complete loss of reflexes
and immobilization. Complete loss of equilibrium was
observed at 0.02 ml/L clove oil and 0.2 ml/L phenoxyethanol
in 4 min. 07 sec.and 2 min.56 sec. respectively. Immediately
after transferring them into the recovery tanks, normal
locomotor activity was observed.
At a concentration of 0.03 ml/L of clove oil and 0.3 ml/L of
phenoxyethanol, cobia lost equilibrium in 2 min.12 sec. and 2
min.12 sec. and they were completely immobilized after 2
min.56 sec.and 2 min.53 sec. respectively. At a concentration
of 0.04 ml/L clove oil, fish reached stage 3 within 2 min. 19
sec. and the recovery and returning to normal swimming
position was observed in 2 min.23 sec. Phenoxyethanol at the
highest concentration of 0.4 ml/L, the stage 3 was attained in 1
min.56 sec. and recovery was found in 3 min. 23 sec.

Table 1: Induction and recovery time of cobia (R. canadum) exposed to clove oil
Clove oil (ml/L)
Induction time
Stage 1
Stage 2
Stage 3
Recovery time
Stage 1
Stage 2
Stage 3

0.01
Mean Min’Sec’’
2’37’’ a
6’34’’ a
1’10’’ a
1’56’’ a

SD
0.03
0.01

0.01
0.02

0.02
Mean Min’Sec’’

SD

0.03
Mean Min’Sec’’

SD

0.04
Mean Min’Sec’’

SD

2’12’’ b
3’43’’ b
4’07’’ a

0.01
0.02
0.02

1’50’’ c
2’12’’ c
2’56’’ b

0.02
0.02
0.03

1’32’’ c
1’56’’ c
2’19’’ b

0.02
0.01
0.01

0.01
0.01

0’48’’ a
1’23’’ b
2’14’’ b

0.01
0.02
0.02

0’52’’ a
1’27’’ b
2’23’ b’

0.01
0.01
0.03

1’12’’ a
1’39’’ a

Each value is the mean and SD of duplicate tanks. Different superscript letters in the same row indicate significant statistical differences (P <
0.05).
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Table 2: Induction and recovery time of cobia (R. canadum) exposed to phenoxyethanol

Phenoxyethanol ml.l-1
Induction time
Stage 1
Stage 2
Stage 3
Recovery time
Stage 1
Stage 2
Stage 3

0.1
Mean Min’Sec’’
0’53’’ a
4’50’’ a
1’26’’ a
2’51’’ a

SD
0.02
0.02

0.01
0.01

0.2
Mean Min’Sec’’

SD

0.3
Mean Min’Sec’’

SD

0.4
Mean Min’Sec’’

SD

1’17’’ b
2’32’’ b
2’56’’ a

0.02
0.02
0.02

1’24’’ b
2’12’’ b
2’53’ a’

0.03
0.02
0.01

1’33’’ b
1’52’’ c
1’56’’ b

0.02
0.02
0.03

1’35’’ b
2’39’’ a

0.02
0.01

0’43’’ a
1’45’’ c
3’45’’ b

0.02
0.04
0.02

0’50’’ a
1’47’’ c
3’23’’ b

0.03
0.02
0.02

Each value is the mean and SD of duplicate tanks. Different superscript letters in the same row indicate significant statistical differences (P <
0.05).

The recovery of cobia from anesthesia, after transferring them
in clean water, was relatively quick when compared to the
induction time in each concentration. For a short period of time
they lay on the bottom of the tank and after a while they start
to move their fins and make uncoordinated movements. They
regain equilibrium and complete recovery as shown in Table 1
and 2.
4. Discussion
Efficacy of clove oil and phenoxyethanol on cobia was studied
in this investigation. The onset of individual phases of
anesthesia and recovery time depended significantly on the
anesthetic concentrations used. In general, induction time
decreased and recovery time increased with the increasing
levels of anesthetic concentration. Alteration in physiological
signs characteristics of cobia was observed similar to the
stages of anesthesia described [13].
R. canadum reached the anaesthesia stage (3) more quickly at a
lower concentration of clove oil than phenoxyethanol, and the
recovery time of phenoxyethanol at the state (3) was
significantly longer. Similar observations have been reported
in other species of fish, when the efficacy between clove oil
and TMS was compared in zebrafish Danio rerio [14], rainbow
trout O. mykiss [6, 15] and red pacu P. brachypomus [16]. Result
of this study demonstrated that when R. canadum was
administered with phenoxyethanol at a concentration of 0.3
ml/L the fishes reached stage 3 of anaesthesia with complete
loss of reflexes after 3 min. exposure. Therefore this dose
could be recommended for procedures that require total fish
immobilization in a short span of time. Clove oil at 40 mg/L
was found better dose to obtain complete immobilization in
rainbow trout O. mykiss (47.4±0.45 g) at 3 min. exposure time
[15]
. Similar concentration was reported safe to anesthetise
rainbow trout (20.5 ± 0.73g) at 20 min. exposure time [6].
When compared to the concentration of phenoxyethanol, the
effective concentration of clove oil was low. The induction
time of cobia exposed to two anesthetics, clove oil and
phenoxyethanol generally decreased with increasing
concentrations. The efficacy of clove oil with 2-phenoxy
ethanol at different temperature was compared and found that
clove oil is efficient at 10 times lower dosages in comparison
to those of 2-phenoxyethanol [17]. The efficacy of clove oil as
an anesthetic was previously reported in a variety of fish
including rainbow trout juveniles and adults [4], Signus lineatus
[3]
and non-salmonid fishes [18]. The anaesthesia and recovery
were achieved with 4.3 and 10.9 min, respectively with a
concentration of 60 mg/L at 10 oC. This author indicated that
exceeding the time of anaesthesia over 5 min. had a
considerable influence on the time of recovery [18].

Based on our results, both phenoxyethanol and clove oil can
be recommended as anesthetics in cobia. However, clove oil
requires less than 10 fold concentration of phenoxyethanol.
Moreover it is a natural anaesthesia. Clove oil is an efficient
and relatively safe anesthetic [19]. In general, the main
considerations in the anaesthetization of fish are safety,
efficiency, price, toxicity and physiological response, duration
of withdrawal and restriction of use [11, 20, 21]. The main
ingredient of clove oil, eugenol can be regarded as highly safe
for human use. Because it is ‘generally recognized as safe
(GRAS)’ it is used as a food additive and an analgesic and
disinfectant in dentistry [22]. But 2-phenoxyethanol was easy to
use since it did not need any preparation as that of clove oil.
Despite 2-phenoxyethanol requires comparatively high
anesthetic doses in fishes. The range of effectively anesthetic
doses of 2-phenoxyethanol in most fishes are from about 200
to 600 μl/l [1, 8, 9, 23].
The effective concentration of anesthesia is one which
provides anaesthetic effect within 3 min. and allowed recovery
within 5 min [13]. Based on this fact, it was concluded that
phenoxyethanol at 0.2 ml/l and clove oil at 0.03 ml/l could be
used to anaesthetic the fish.
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