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Abstract
The aim of this study wasto determine the optimal dose and the time required to reach a stable level of anaesthesia using
clove oil and benzocaine on Siberian sturgeon fry (Acipenser baerii Brandt, 1869) with a mean length of 10.0±0.93 (7.2-12.0)
cm and weight of 4.1±0.95 (2.1-6.4) g, and to compare the effects of them on feed intake after anaesthesia. In addition, the
survival time and relationship between exposure duration and recovery time in 96 min with the optimal concentrations of
these two anaesthetics were examined as part of the anaesthesia procedure. Effective concentrations (EC 50) were estimated to
be 356 (330-381) mg/L of clove oil and 37 (33-40) mg/L of benzocaine for 3 minutes with 95% confidence limits. The
recovery time with clove oil was longer than with benzocaine at 6, 12, 24 and 48 minutes (P<0.05). The mean lethal times
(MLT50) were estimated as 37.2 (5.1-69.3) min for clove oil and 63.0 (6.1-120.0) min for benzocaine with 95% confidence
limits. Feed intake in fish treated with clove oil and benzocaine occurred within ten minutes, but the effect of both
anaesthetics on feed intake continued for 4 h. However, it was determined that the effect of clove oil on feed intake was less
than that of benzocaine.
Keywords: Siberian sturgeon, Anaesthesia, clove oil, benzocaine, feed intake.

Sibirya Mersini (Acipenser baerii Brandt, 1869)’nde Benzokain ve Karanfil Yağı Kullanımının Yem
Alımına Etkisi
Özet
Bu araştırmanın amacı, Sibirya mersin balıklarının (Acipenser baerii Brandt, 1869) bayıltılması için en uygun karanfil
yağı ve benzokainin dozlarını belirlemek, anesteziye maruz kalma süresinin ayılma süresine etkisini incelemek ve bu
bayıltıcıların anesteziden sonra yem alımına etkilerini karşılaştırmaktır. Ayrıca, anestezi işleminin bir parçası olarak bu iki
bayıltıcının en uygun konsantrasyonlarında 96 dakika içinde yaşama suresi ve anesteziye maruz kalma suresi ile ayılma suresi
arasındaki ilişki incelenmiştir. Çalışmada ortalama boyları 10,0±0,93 (7,2-12,0) cm ve ağırlıkları 4,1±0,95 (2,1-6,4) g olan
yavru balıklar kullanılmıştır. Bu balıkların karanfil yağı ve benzokain ile 3 dakika içinde bayılmaları için etkili
konsantrasyonlar (EC50) %95 güven sınırları ile sırasıyla 356 (330-381) mg/L ve 37 (33-40) mg/L olarak tahmin edilmiştir.
Karanfil yağı ile bayıltılan balıkların ayılma suresi 6, 12, 24 ve 48 dakikalarda benzokainden daha uzun olmuştur (P<0,05).
Karanfil yağı ve benzokain için ortalama ölüm süresi %95 güven sınırları ile sırasıyla 37,2 (5,1-69,3) ve 63,0 (6,1-120,0)
dakika olarak tahmin edilmiştir. Karanfil yağı ve benzokain ile bayıltılan balıklar 10 dakika içinde yem almaya başlamış, fakat
her iki anestezinin de yem alımına etkisi dört saate kadar devam etmiştir. Ama karanfil yağının yem alımına etkisinin
benzokainden daha az olduğu belirlenmiştir.
Anahtar Kelimeler: Sibirya mersini, bayıltma, karanfil yağı, benzokain, yem alımı.

Introduction
In aquaculture, many anaesthetics have been
used to immobilise fish. The most commonly used
fish anaesthetics are tricaine methanesulphonate (MS222), benzocaine, carbon dioxide, clove oil, AQUI-S,
quinaldine, quinaldine sulphate, 2-phenoxyethanol,

Metomidate and Etomidate (Marking and Meyer,
1985; Ross and Ross, 2008).
The ideal characteristics of anaesthetic agents
have been remarked upon by numerous authors,
usually when considering chemical methods (Marking
and Meyer, 1985). In general, anaesthesia or sedation
should be induced rapidly, preferably in less than 3
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minutes, and with minimum accompanying
hyperactivity or other stress (Ross and Ross, 2008).
When selecting an anaesthetic for a particular
purpose, the user may want to consider properties
such as the convenience of use, safety for the fish,
humans and the environment, effectiveness,
physiological perturbations, economic aspects and
commercial availability. In addition, the substance
should be easily soluble in water or in a water-soluble
solvent which can be used as a vehicle.
One of the most commonly used anaestheticsis
clove oil, which is relatively new as a fish anaesthetic.
In recent research, the use of clove oil for fish
anaesthesia has gained popularity among other
anaesthetics. It is extracted from the flowers, leaves
and stalks of the clove tree (Eugenia aromaticum (i.e.
Syzygium aromaticum) or Eugenia caryophyllata
(Ross and Ross, 2008)). Its main active ingredients
include eugenol (76.8-88.58%), eugenyl acetate (1.25.62%) and β-caryophyllene (1.39-17.4%) (Jirovetz et
al., 2006; Chaieb et al., 2007). Eugenol has a
multitude of properties which make it useful in a wide
variety of applications, including as an antioxidant
(Kramer, 1985; Pulla and Lokesh, 1992), as an
antifungal agent (Kamble and Patil, 2008), as an
antibacterial agent (Karapmar and Aktug, 1987;
Kouidhi et al., 2010) and as an antiparasitic agent
(Machado et al., 2011).
The International Union of Pure and Applied
Chemistry (IUPAC) name for eugenol is 2-methoxy4-prop-2-enyl-phenol. This compound has been used
traditionally as a topical anaesthetic for toothaches,
headaches and joint pain (Soto and Burhanuddin,
1995; Ross and Ross, 2008). Clove oil is also used as
a food additive; as an organic substance, it does not
require any withdrawal period and is readily available
from health food stores.
Another widely used anaesthetic is benzocaine,
which is the ethyl ester of p-aminobenzoic acid
(PABA); it can be prepared from PABA and ethanol
by Fischer esterification or via the reduction of ethyl
p-nitrobenzoate. Its chemical name (IUPAC) is ethyl
p-aminobenzoate or ethyl 4-aminobenzoate; it is a
colourless crystal or a white, crystalline powder and is
odourless. It is almost totally insoluble in water and
must first be dissolved in either acetone or ethanol
(Ross and Ross, 2008; WHO, 2009).
Several studies describe the physiological effects
of different anaesthetics (Soivio et al., 1977; Cho and
Heath, 2000; Wagner et al., 2002; Cooke et al., 2004;
Uçar and Atamanalp, 2010) and their efficacy (Endo
et al., 1972; Keene et al., 1998; Munday and Wilson,
1997; Peake, 1998; Anderson et al., 1997; Altun et
al., 2009). There are plenty of studies available on the
anaesthetic dosage of clove oil (Hikasa, et al., 1986;
Woody et al., 2002; Woolsey et al., 2004; Akbulut et
al., 2011a, 2011b; Feng et al., 2011) and benzocaine
(Oswald, 1978; Mattson and Riple, 1989; Gomes et
al., 2001) for pelagic fish species which are regarded
as seeing-feeding fish, but comparative studies

concerning the optimal dose and the effects of
anaesthesia on feed intake for sturgeon species which
forage on the bottom by touch with barbells
(smelling-feeding fish species) are limited. Soto and
Burhanuddin (1995) did, however, observe most
rabbitfish (Siganus lineatus) feeding a few hours after
anaesthesia with clove oil, Prince and Powell (2000)
reported that adult rainbow trout (Oncorhynchus
mykiss) fed actively 1 week after anaesthesia with
clove oil, Pirhonen and Schreck (2003) stated that
steelhead trout (Oncorhynchus mykiss) ate relatively
well 4 h after anaesthesia with MS-222, clove oil and
CO2 and Sorum and Damsgard (2004) considered that
benzocaine anaesthesia had only a minor and
insignificant effect on feed intake in Atlantic salmon
(Salmo salar). On the other hand, Perdikaris et al.
(2010) investigated the size-relative effectiveness of
clove oil for rainbow trout and goldfish (Carassius
auratus Linnaeus, 1758) and recommended as an
effective anaesthetic for both fish species, because it
was effective, producing minimum stress and zero
mortality. Recently, Doleželová et al. (2011) studied
the acute toxicity of clove oil to fish Danio rerio and
Poecilia reticulate and reported that no significant
difference between LC50 values for D. rerio and P.
reticulate.
The aim of the present study was to determine
the optimal dose of clove oil and benzocaine for
anaesthesia in Siberian sturgeon fry (Acipenser
baerii) and to compare their effects on feed intake
after anaesthesia. To perform the evaluation of
anaesthetics within the context of how they might
actually be applied by aquaculturists, the lethal time
and the relationship between exposure duration and
recovery time at the optimal concentrations of these
two anaesthetics were examined as part of the
anaesthesia procedure.

Materials and Methods
Preparation of Anaesthetic Solutions
Clove Oil : Commercially available clove oil in
20 ml glass bottles was the preferred anaesthetic. The
density of clove oil was 0.916 kg/L (Karden, Turkey).
The clove oil stock solution was prepared by
dissolving clove oil with 95% ethanol (1:10 ratio of
clove oil:ethanol) as described by Anderson et al.
(1997) to facilitate mixing. The stock solution was
freshly made on a day-to-day basis and was kept in
the dark at ambient temperature.
Benzocaine : The benzocaine stock solution was
prepared by solving 100 g of benzocaine (Sigma,
Aldrich) in 1 L of ethanol (95%) (Ross and Ross,
2008). Ethanol has no known anaesthetic properties
on fish at low doses (Anderson et al., 1997; Munday
and Wilson, 1997). A fresh anaesthetic bath was
prepared for each test.
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Fish : These experiments were conducted on
Siberian sturgeon fry with a mean length of 10.0±0.93
(7.2-12.0) cm and weight of 4.1±0.95 (2.1-6.4) g. The
main fish stock was maintained in 16square 300 L
tanks (110x110 cm2), provided with a flow-through
supply of aerated freshwater at a temperature of 1820°C in the recirculation system. The fish were
starved for approximately 16 h prior to all tests.

continuously aerated water and provided with a flowthrough supply (5-7 L/minute) of freshwater. The
recovery time of each live fish was measured with a
chronometer according to the criteria shown in Table
1 and the number of dead fish was recorded. This
process was repeated three times.

Measurement Effective Doses (EC50)

A total of 1500 fish were used to determine feed
intake in one control and six test tanks. The fish were
treated with 350 mg/L of clove oil and 35 mg/L of
benzocaine in the 20 L anaesthetic bath solutions for
three minutes. The fish were removed from the bath
solution and immediately placed in one of six tanks
with filled 300 L of continuously aerated water and
provided with a flow-through supply (5-7 L/minute)
of freshwater. Within ten minutes of placement in the
tanks, the fish were fed with 0.7% body weight per
meal. The duration of feed intake was recorded by
chronometer at each meal.

To determine the effective doses and the
duration of time required to reach a stable level of
anaesthesia,10 fish for per dose were individually
exposed to seven doses of clove oil ranging from 200
to 1000 mg/L and benzocaine 10 to 50 mg/L in 5 L of
fresh water. The water temperature in the buckets was
held constant during the experiments by changing the
surrounding water of 10 L buckets. The measurement
of induction time was modified from earlier studies
(Schoettger and Julin, 1967; Summerfelt and Smith,
1990; Keene et al., 1998) described in Table 1. All
test fish were placed individually in anaesthetic baths
supplied with aeration. Induction stages (I-1; loss of
equilibrium, I-2; non-moving) of anaesthesia for each
fish were measured by using a chronometer to the
nearest second.
When the fish reached the syncopal stage (S),
they were removed from the anaesthetic bath by a net.
The body weight (g) to the nearest 0.01 g and length
(cm) to the nearest 0.1 cm were measured. Once
recovered, fish were grouped according to dose and
transferred to a 300 L tank and monitored for survival
and abnormal behaviour. During the experiments, the
dissolved oxygen of all test water did not fall below
6.0 mg/L.
Effect of Exposure Duration on Recovery and
Mean Lethal Time (MLT50)
To determine the mean lethal time, 100 fish
were exposed to 370 mg/L of clove oil and 100 fish
were exposed to35 mg/L of benzocaine in 30 L
solutions provided with pure oxygen. Following
exposure for6, 12, 24, 48, 96 and 192 min, ten fish
were removed and placed in tanks filled with 300 L of

Feed Intake

Statistical Methods and calculations
Statistical tests were carried out using SPSS 16.0
software for Windows. One-way Analysis of Variance
was performed to test the effect of dose. The EC50
values were determined by probit analysis.
Differences in recovery times between the two
anaesthetics were tested with a t-test. The MLT50 was
examined with the Kaplan-Meier survival analysis
procedure. Two-factor Analysis of Variance was
performed to test differentials between feed intakes.
Tukey’s procedure was used to make subsequent
pairwise comparisons. Significant differences were
established at 0.05 levels for differences among the
groups.

Results
Effective Doses (EC50)
Summary statistics of the induction times for
Siberian sturgeon exposed to various levels of clove
oil orbenzocaine in the dose response study are given
in Table 2. Effective concentrations (EC50) were

Table 1: Evaluation criteria for induction of and recovery time from anaesthesia were modified from earlier studies
Phase of
Anaesthesia
Induction

Stage

Description

Notable behaviour of fish

I-1
I-2

Syncopal

S

Sedation
Loss of
equilibrium
Unconscious

Recovery

R-1
R-2

Fish swimming, reaction to external stimuli.
Swimming ability stops, Partial loss of equilibrium, reaction to external
stimuli.
No movement, Loss of reflex activity, no reaction to external stimuli,
slow and irregular opercular ventilation.
Motion perception and give reaction to external stimuli
Partial recovery of equilibrium, regular opercular ventilation, reaction to
strong external stimuli, not swimming correctly.
Recovery of equilibrium, fish swimming.

Normal

Motion
Regain of
equilibrium
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Table 2: Time required to reach a stable level of anaesthesia

Doses
(mg/L)
200
300
400
500
600
800
1000

I-1
174±24.29
86±6.04
72±4.34
53±4.17
50±3.02
37±1.44
30±1.89

Clove oil
Time (sec.)
I-2

I (I-1+I-2)

236±26.07
107±18.29
35±4.27
49±7.23
32±7.04
27±3.13

322±28.28
178±18.15
92±3.20
98±7.07
69±7.01
57±3.12

Doses
(mg/L)
25
30
35
40
45
50
60

I-1
281±14.19
149±11.23
95±8.14
92±9.36
70±6.58
59±6.10
50±4.28

Benzocaine
Time (sec.)
I-2

I (I-1+I-2)

103±16.11
50±10.43
43±4.40
35±6.15
37±5.30
29±4.30

251±14.24
138±11.26
134±13.11
106±6.01
95±8.06
80±5.35

I: Induction, I-1: Sedation and I-2: Loss of equilibrium, Mean±SEM

estimated at 356 (330-381) mg/L of clove oil and 37
(33-40) mg/L of benzocaine for 3 minutes with 95%
confidence limits.
Effect of Exposure Duration on Recovery
The recovery times after anaesthesia in fish
exposed to a concentration of 356 mg/L (EC50) of
clove oil or 37 mg/L of benzocaine for 96 min are
shown in Figure 1. The recovery time from clove oil
was longerthan for benzocaine and the differences
inrecovery times between clove oil and benzocaine at
6, 12, 24 and 48 minutes were statisticaly significent
(P<0.05). As shown Figure 1, the differences in
recovery times with different durations of exposure
were statistically significent for clove oil and
benzocaine (P>0.05).
Mean Lethal Time (MLT50)
The mean lethal time was estimated at 37.2 (5.169.3) minutes for clove oil and 63.0 (6.1-120.0)
minutes for benzocaine with 95% confidence limits.
With the Kaplan-Meier Survival Analysis procedure,
the distribution of time to effect for the two different
anaesthesia methods was examined; the comparison
tests showed that there was not a statistically
significant difference between them (P>0.05).
Feed Intake
Post-anaesthesia duration tofeed intake infish
exposed to two different anaesthesia methods for 3
minutes are shown in Figure 2 with control groups.
As shown in Figure 2, the duration to feed intake in
fish exposed to benzocaine was longer than in fish
exposed to clove oil and control (P<0.05). There was
not a statistically significant difference between clove
oil and control (P>0.05).

Discussion
This study evaluated the use of clove oil and
benzocaine as a tool to immobilise fish for various
purposes in aquaculture. In some countries, clove oil
is not permitted at the stage of harvesting fish, but it

can be used in previous stages of aquaculture
procedures such as grading etc. Clove oil and
benzocaine are effective fish anaesthetics and there
are many examples of their effective dose rates. Endo
et al. (1972) showed that clove oil is effective in
Crucian carp (Carassius carassius) and Hisake et al.
(1986) showed that it provides effective anaesthesia in
common carp (Cyprinus carpio) at 25-100 mg/L. Soto
and Burhanuddin (1995) found a dose of 100 mg/L to
be effective in rabbit fish. Perdikaris et al. (2010)
observed a size-relative difference in induction time
of gold fish, and stated that the rainbow trout and gold
fish recovered within 6 min after anaesthesia at 150
mg/L clove oil. Taylor and Roberts (1999)
recommended 100 mg/L of clove oil for juvenile and
subadult white sturgeon (Acipenser transmontanus).
Imanpoor et al. (2010) recommended a dose of 400
mg/L of clove oil to best anaesthetise Persian sturgeon
(Acipenser persicus). Akbulut et al. (2011b)
considered an effective concentration to be 450-670
mg l-1of clove oil for juvenile Russian sturgeon
(Acipenser gueldenstaedtii). Feng et al. (2011) stated
that an effective dose is 120 mg/L of clove oil for
juvenile Siberian sturgeon.
In the present study, the optimal concentration of
clove oil was calculated to be 356 mg/L and 37 mg/L
of benzocaine for Siberian sturgeon fry. The time
required to reach a stable level of anaesthesia ranged
from 322 to 57 s in 300-1000 mg/L of clove oil and
251 to 70 s in 30-60 mg/L of benzocaine. These
results for the effective concentration of clove oil was
higher than some previously documented findings
when clove oil was used at different concentrations in
other species e.g., white sturgeon, 100 mg/L, 246 s,
(Taylor and Roberts, 1999), rainbow trout, 30 mg/L,
3.7 min (Prince and Powell, 2000), sockeye salmon,
50 mg/L, 84 s (Woody et al., 2002).
In the case of benzocaine, our induction results
are consistent with those from other species. A study
on the effective dose of benzocaine noted that it is
effective at approximately the same doses as MS-222.
For example, Gilderhus (1989) induced anaesthesia in
Oncorhynchus tshawytscha, O. mykiss and Salmo
salar in 3.5 minutes at 25-45 mg/L. Gilderhus et al.
(1991) stated that water temperature affected the
induction time and effective concentration of
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Figure 1. Relationship between the duration of exposure and recovery time after clove oil and benzocaine exposure

Figure 2. Effect of anaesthesia on feed intake following anaesthesia.

benzocaine as an anaesthetic for striped bass from 55
mg/L at 22°C to 80 mg/L at 11°C, which effectively
anesthetised the fish in about 3 min. Oswald (1978)
recommended 30-35 mg/L of benzocaine for rainbow
trout and 40 mg/L for brown trout (Salmo trutta) and
Mattson and Riple (1989) suggested 40 mg/L for cod
(Gadus morhua).
It was observed that the recovery from
anaesthesia of fish treated with clove oil was longer
than for benzocaine. These results were consistent
with the results of Akbulut et al. (2001b) in juvenile
Russian sturgeon, Mylonas et al. (2005) in European
sea bass (Dicentrarchus labrax) and gilthead sea
bream (Sparus aurata), Munday and Wilson (1997) in
coral reef fish (Pomacentrus amboiensis) and Feng et
al. (2011) in juvenile Siberian sturgeon.
In addition, increasing the duration of exposure
prolonged the recovery time (Figure 1). The duration
of survival in fish exposed to benzocaine was longer
than in those exposed to clove oil. However, water
temperature can have diverse effects on anaesthesia in
fish; the nature of these effects depends on the
anaesthetic used (Ross and Ross, 2008). Increases in
water temperature have been reported to enhance the
anaesthetic efficacy of clove oil by shortening the
time to induction in Steelhead fry (Woolsey et al.,
2004) and gilthead sea bream (Mylonas et al., 2005).

When common carp are anaesthetised with clove oil,
higher water temperatures cause enhanced anaesthetic
effects and shorter recovery times (Hikasa et al.,
1986). Zahl et al. (2009) reported that after 5 min of
exposure to benzocaine in Atlantic cod, induction and
recovery times varied in relation to water temperature.
It is clear that the duration of survival in the
anaesthetic bath is affected by the concentration of the
anaesthetic, the water temperature and also fish size.
In the present study, the duration of survival was
examined through the analysis of MLT 50 at the
optimal doses and water temperature for Siberian
sturgeonfry. The duration of survival of fish treated
with clove oil was shorter that of fish exposed to
benzocaine.
Studies which have investigated the effect of
anaesthesia on feed intake generally support the idea
that after anaesthesia, feeding by fish is affected in a
minor or major way, regardless of the anaesthetic
substance (Soto and Burhanuddin, 1995; Prince and
Powell, 2000; Pirhonen and Schreck, 2003; Sorum
and Damsgard, 2004). In the present study, it was
determined that the effect of both anaesthetics on feed
intake continued for 4 h, and feed intake duration at
each meal time was higher than in the control.
However, their main effect on feeding was observed
at 30 minutes (Figure 2).
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Comparing the effect of both anaesthetics, it was
observed that feed intake in fish treated with clove oil
and benzocaine occurred within the first ten minutes,
and feed intake duration in both groups was longer
than in the controls. However, it was determined that
the effect of clove oil was less than that of benzocaine
on feed intake.
Eugenol has been widely tested to determine its
safety for human use and consumption, and is
considered neither toxic nor carcinogenic in humans
and other animals (Fisher et al., 1990; Zheng et al.,
1992; Lee and Shibamoto, 2001). A withdrawal
period for clove oil is unnecessary and it does not
pose an environmental hazard (Cho and Heath, 2000).
The results of Doleželová et al. (2011) did not show
different sensitivities to clove oil in fish Danio rerio
and Poecilia reticulate. However, its uses as a fish
anaesthetic remains under investigation. A withdrawal
period of 21 days remains in place for benzocaine.
Eugenol has a multitude of properties which
make it useful in a wide variety of applications,
including as an antioxidant (Kramer, 1985; Pulla and
Lokesh, 1992), as an antifungal agent (Kamble and
Patil, 2008), as an antibacterial agent (Karapmar and
Aktuğ, 1987; Kouidhi et al., 2010) and as an
antiparasitic agent (Machado et al., 2011).
Considering clove oil’s antibacterial, antiparasitic and
antifungal effects, repeated treatment data may be
helpful for its usein aquaculture. Further research is
also needed to explore practical techniques for the
absorption of both anaesthetic materials from farm
effluents.
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