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ABSTRACT

The potential of three essential oils, Origanum vulgare, Eugenia aromatica and Cinnamomum zeylanicum as slaughter 
anaesthetic agents, is presently assessed. Commercial stunning methods inducing rapid unconsciousness in fish 
before slaughtering, is urgently required. For now, there is no acceptable method that can ensure kill fish humanely 
and all the commercially used methods of slaughter for farmed fish include a prolonged period of consciousness. 
Four slaughtering methods were applied, over-dose of four anaesthetics (three essential oils Origanum vulgare, Eugenia 
aromatica, Cinnamomum zeylanicum and 2-phenoxyethanol), asphyxia, bleeding and immersion in ice-water, in 
gilthead seabream (Sparus aurata L.). Asphyxia, considered inhumane, but solely used in all wild fish, is also being 
assessed in Atlantic horse mackerel (Trachurus trachurus L.). Plasma cortisol and DNA fragmentation were measured 
as indicators, to assess stress response and genotoxicity of essential oils. Overdose of all examined essential oils, 
proved to induce less stress in comparison to asphyxia, bleeding and immersion in ice-water. O. vulgare, E. aromatica 
and C. zeylanicum demonstrated higher efficiency in blocking plasma cortisol response to stress in gilthead seabream 
and lower genotoxic effect, compared to other slaughtering techniques. Asphyxia was confirmed as very stressful 
slaughtering method in both experimental and wild fish.
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INTRODUCTION

The purchase behaviour of the consumers worldwide, reveals that 
their buying decisions are based on their personal perceptions of 
value, resulting from a balance between price, quality and social, 
cultural and educational status [1,2]. Knowledge on livestock 
production practices and their impact on animal welfare and 
food quality, are having the most visible influence on consumer’s 
requirements [3]. Consumers expect high quality fish meat, 
produced with minimal environmental impact, ensuring animal 
welfare [4]. 

The EU Council Regulation [5] lays down rules for the killing of 
animals bred or kept in captivity, for the production of food and 
other products. Fish are included in the animals that should be 
spared any avoidable pain, distress or suffering, during their killing 
and related operations. For the protection of animals used for 
scientific purposes, according to the EU Council Directive [6], in 
the process of killing fish, all methods used involve prior sedation, 

with anaesthetic overdose being the most proposed method. In 
other cases, slaughtering may occur only on unconscious animals, 
providing the animal does not regain consciousness before death.

Recommendations on farmed fish are not available, as they present 
substantial physiological differences from terrestrial animals. Fish 
are slaughtered and killed in a very different context; therefore, 
separate standards should be established for the protection of fish 
at killing. Further initiatives by the Community are based on a 
scientific risk assessment for the slaughter and killing of fish, 
performed by EFSA, taking into account social, economic and 
administrative implications [7]. Furthermore, wide number of 
fish species is farmed, with an equally wide variety of ecological 
adaptations and evolutionary developments which react differently 
to similar situations.

Farmed fish are frequently exposed to a variety of stressors during 
aquaculture practices which can affect fish performance, growth 
and survival [8]. Fish quality can be influenced by handling before 
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slaughter and by slaughtering methods. Fish welfare is related 
to physiological stressful procedures which occur during the 
pre-slaughter and slaughter phase, compromising organoleptic 
features and commercial quality [9-11]. In the case of farmed 
seabass and seabream, three slaughtering methods are used under 
commercial conditions: (a) asphyxia in air; (b) live chilling on 
ice; and (c) live chilling in ice slurry [12]. Animals should only be 
killed after stunning and the loss of consciousness and sensibility 
should be maintained until death [6]. Rapid loss in sensibility and 
consciousness is a necessary convention to guarantee the fish welfare 
during slaughtering [13]. Research on the stunning of fish is far less 
developed than for other farmed terrestrial species. According to 
the European Food Safety Authority [7], all the commercially used 
methods of slaughter for farmed fish, include a prolonged period 
of consciousness during which indications of poor welfare are 
apparent. Many existing commercial killing methods expose fish 
to substantial suffering over a prolonged period of time, as there is 
not a commercially acceptable method that can kill fish humanely 
[12]. Short term stress induced by normal industrial slaughtering 
practice, may have a pronounced effect on quality attributes and 
drip loss, during the shelf-life of pre-rigor filleted farmed fish [14]. 
Also, fish fillet quality is linked to pre-mortem practices which 
determine post-mortem muscle biochemical processes [15-18].

During stressful conditions, many physiological changes are 
involved in a stress response. Cortisol is an important outcome 
variable that is influenced by stressors [19]. The state of acute 
stress is better reflected compared to chronic stress; therefore it 
is a well-accepted acute stress indicator in the plasma [20], as the 
increase in plasma cortisol is one of the most accepted primary 
responses to stress [21-23]. Cortisol in fish is measured by different 
methods, used for quantification of cortisol in biological samples 
[24]. The role of cortisol in fish physiology and behaviour has been 
described to assess levels of stress in fish, in terms of growth, sex 
determination, environmental and ecological impact [25-30]. In 
farmed fish, stress induced through cultivation practices, has been 
investigated in some cases and is related to feeding, water supply, 
stocking density and slaughtering [31-33].

Use of methods that make fish less sensitive to stressful procedures 
prior to their actual death, is the best way to minimize suffering 
during slaughter. Treatment with anaesthetic agents is necessary, in 
order to ensure fish welfare as they are widely used during various 
farming procedures [34,35]. Anaesthetics could reduce fish stress 
and improve meat quality, when used in conjunction with other 
methods of stunning/slaughtering.

Chemical anaesthetics (tricaine methanesulfonate, benzocaine, 
isoeugenol, metomidate, 2-phenoxyethanol, quinaldine) are 
included in the most commonly used anesthetic agents for fish 
[36,37]. However, use of chemicals should be rejected, considering 
the potential risk for human consumption and more suitable, 
Food-grade anaesthetics for use in fish should be tested [38].

As aquaculture fish are intended for human consumption, 
interest in natural products has increased [39]. Essential oils are 
an alternative option for inducing fish anaesthesia [40] and their 
anaesthetic efficacy has been assessed. [41-47]. Clove oil (essential 
oil of E. aromatica), which is effective and safe for humans [48], is 
the most widely used natural product for fish anesthesia [49]. Also, 
O. vulgare and C. zeylanicum are the most usually used medicinal 

herbs [50,51] and their anaesthetic properties have been assessed 
in case of fish [26].

Essential oils have been used as overdose killing or stunning 
methods to reduce fish stress and improve fillet quality, separately 
or in conjunction with other slaughter methods [17,52]. However, 
the fact that an essential oil is derived from a plant, does not 
necessarily means that it is fully harmless, as it may have toxic and 
genotoxic effects [53]. Single-cell gel electrophoresis (SCGE) or 
comet assay is a useful approach for assessing DNA damage and 
detection of relevant in vivo genotoxicants [54]. This assay offers 
greatly increased sensitivity for identifying genotoxic agents which 
induce oxidative stress, both on the cellular and molecular levels 
[55,56].

There are different welfare implications associated with pre-
slaughter procedures and the application of best practices during 
the several phases of pre-slaughter processes could help to reduce 
the impact on fish welfare. According to EFSA [7], the development 
of commercial stunning methods to induce immediate (or rapid) 
unconsciousness in fish is urgently required.

In the present work, a research to investigate and compare stress 
response induced by over-dose of  three essential oils (O. vulgare, E. 
aromatica and C. zeylanicum), over-dose of a chemical anaesthetic 
(2-phenoxyethanol) and three commonly applied slaughtering 
methods (asphyxia, bleeding, immersion in ice-water), is presented. 
Stress response was assessed by measuring physiological indicators 
(plasma cortisol) and detecting fragmented DNA in hepatocytes, 
using the molecular technique, single-cell gel electrophoresis 
(comet assay), which can detect primary DNA damage in individual 
cells and potential genotoxicity.

MATERIALS AND METHODS

Experimental fish 

Gilthead seabreams mean weight 14.97± 5g, originated from 
a nearby licensed large scale hatchery which supplies seabream 
and seabass juveniles to various cage farms around Greece 
(Breeding Code: GR06FISH0008) and transferred to the 
experimental aquarium facilities (EL-43BIO/exp-01) at the 
Aquaculture Laboratory of the Department of Ichthyology and 
Aquatic Environment, University of Thessaly, Greece. Fish were 
acclimatized in aquarium tanks, supplied with running and aerated 
seawater (by a recirculation system), for two weeks. Fish were 
randomly sequenced and allocated in the aquariums. Throughout 
the experimental procedure, facilities, environmental conditions 
and feeding were similar to the real farming conditions, meeting 
criteria of the optimum conditions for the gilthead seabream [57].

Each aquarium was equipped with an independent mechanical 
and biological filter, a protein skimmer, water pump, ozonizer, 
thermoregulator, aerator and air diffusers.

Water quality parameters were stable, similar to all aquariums 
and were monitored routinely with water temperature being 
maintained at 21.0 ± 1.0°C, pH at 8.0 ± 0.4, salinity at 33 ± 0.5, 
dissolved oxygen at >6.5 L-1, total ammonia nitrogen at <0.1 mg L-1 
and photoperiod 12:12 h (light: darkness). Also, artificial pathogen 
free sea water was used. For the nutrition of the experimental 
fish, commercially produced dry pellets, appropriate for the fish 
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size and species (Biomar Hellenic SA), usually offered under real 
aquaculture breeding conditions and were used once daily by hand. 
Fish was fasted 24 h before the experiment. Also, wild fish Atlantic 
horse mackerel mean weight 53.86 ± 7.2 g, caught by fisherman 
in Pagasitikos gulf Greece, were used to compare experimental 
slaughtering methods to standard slaughter method for wild fish. 
Asphyxia is the oldest slaughter method for fish, commonly used 
for wild fish and is considered inhumane as fish are netted out of 
water until death.

Slaughtering methods

Four slaughtering methods were applied, over-dose of four 
anesthetics (2-phenoxyethanol and three essential oils O. vulgare, E. 
aromatica and C. zeylanicum), asphyxia, bleeding and immersion in 
ice-water. Three commercial products of pure essential oils used as 
anaesthetic agents and one commonly used synthetic anaesthetic, 
were applied for euthanasia. Dosage concentration for euthanasia 
(Table 1) was administrated in two doses, half dose until deep 
anaesthesia was induced and the other half until euthanasia was 
achieved. Seven groups in triplicates for slaughtering methods were 
accessed in total and five fish were euthanized per group (Table 
1). For the outcome assessment, all fish was randomly sampled. 
The person responsible for outcome and statistical analysis was 
familiar only with the code of the group and not the treatment. A 
supervision protocol was applied from the beginning until the end 
of the study, by the person responsible for the protocol and the 
Welfare Committee person of the Facility. The person responsible 
for the animal’s care was well trained and qualified in order to 
recognize adverse effects. Euthanasia of experimental fish was 
carried out by FELASA accredited scientist.

Blood sample collection and cortisol measurement 

Five fish from each of euthanasia group in triplicates were randomly 
selected firstly anaesthetized and then euthanized as described in 
Table 1. Blood samples were obtained from the caudal vein using 
heparinized syringes fitted with 23G needles. Heparin-treated 
blood was centrifuged at 3000 g for 6 min. Plasma was sampled 
and frozen at -20°C for the cortisol measurement. Plasma cortisol 
was measured using commercial Cortisol Elisa Kit by Cayman 
Chemical, USA (No. 500360) by the FLUOstar Omega microplate 
readers from BMG LABTECH.

Genotoxic effect of slaughtering methods  

To assess the DNA damage in vivo due to euthanasia, five fish per 
group in triplicates were sampled. Liver was removed immediately, 
and hepatocytes were isolated, as described below. For cell 

harvesting, hepatocytes isolation was performed by collagenase 
perfusion, with minor modifications [58,59]. After liver was 
removed, it was placed in a Hanks balanced salt solution on a glass 
petri dish. The liver was minced with razor blades and incubated 
in a 500 μg/mL collagenase solution for 30 min and the cell 
suspension was filtered through sterile gauze. Cells were dispersed 
by shaking in a water bath until digested for 15 min. Cells were 
centrifuged at 2000 rpm for 5 min and were washed two more 
times with the buffered solution. The isolated hepatocytes were 
counted using microscope, suspended in PBS before comet assay 
using Neubauer chamber. Cells viability was determined using 
trypan blue exclusion test and was found to be greater than 90%.

Comet assay 

DNA damage due to euthanasia was assessed by comet assay. The 
alkaline comet assay was performed according to Singh et al. [60] 
with minor modifications. Briefly, 100 μl of 0.5% low melting point 
agarose (LMA) (Sigma, USA) containing 20 μl of cell suspension 
was dropped to a fully frosted slide, precoated with a 300 μl layer 
of 0.5% normal melting point agarose (NMA). The agarose was 
covered with a 22 × 22 mm coverslip and kept at -20°C for 2-3 min 
to gel the agarose. The coverslips were then gently slid off and a 
third layer of 100 μl of 0.5% LMA was then applied and solidified 
on ice. After removal of the coverslips, the slides were then 
immersed in a freshly prepared lysis solution (2.5 M NaCl, 100 mM 
Na EDTA, 10 mM Tris, with 1% Triton X-100 and 10% DMSO 
added just before use) at least for one hour at 4°C. The slides were 
removed from the lysing solution and placed on a horizontal gel 
electrophoresis unit filled with a freshly prepared alkaline buffer 
(1 mM Na

2
EDTA, 300 mM NaOH, pH 13) to a level 0.25 cm 

above the slides. The slides were allowed to set in this buffer for 
25 min to allow unwinding of DNA before electrophoresis which 
lasted for 20 min. All procedure was conducted in the dark to 
prevent additional DNA damage. The slides were then rinsed with 
neutralization buffer (0.4M Tris buffer, pH 7.5) three times.

Scoring of DNA damage using image analysis 

The DNA in the nuclei was stained by 20 μl ethidium bromide (20 
μg/ml) in distilled water solution on each slide and then the slide 
was covered with a coverslip. DNA was analyzed in a dark room, 
using a fluorescence microscope at magnification 40x with an 
excitation filter of 525-570 nm. Images of 150 randomly selected 
nuclei (fifty counts on each triplicate slide) were analyzed for each 
sample. DNA migration was analyzed by image analysis and CASP 
software, determining the tail moment (TM).

Statistical analysis

For sample size calculation of the experimentation GRANMO 

Anaesthetic agent Concentration for euthanasia (μL×L-1) Trademark

Essential oils derived from medicinal plants

Origanum vulgare 100 STYX

Eugenia aromatica 100 STYX

Cinnamomum zeylanicum 100 STYX

Synthetic anaesthetics 2-phenoxyethanol 1000 SIGMA-ALDRICH

Asphyxia Fish were netted out of water until death

Bleeding Fish were exsanguinated by cutting all gill arches

Immersion in ice-water Hypothermia through chilling on ice slurry

Table 1:  Slaughtering methods applied in fish.
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(V.7.12) software was used. Data obtained from each method were 
analyzed separately and the effect of all slaughtering methods was 
compared. Cortisol levels and genotoxicity TM data were expressed 
as the mean ± standard error and analyzed using one-way ANOVA 
followed by Tukey post hoc test. All data were analyzed using SPSS-
17 statistical package while differences were considered significant 
at p<0.05.

RESULTS 

The concentration of plasma cortisol was different between 
the experimental groups (Figure 1). Significantly high level was 
recorded in case of bleeding, icewater and asphyxia, without 
statistical differences between these three experimental groups. 
Use of anaesthetic agents reduced the plasma cortisol levels. In 
case of essential oils, the values were higher compared to chemical 
anaesthetic phenoxyethanol, in which the significantly lower 
(p<0.05) cortisol level was recorded. Asphyxia, as slaughtering 
method, recorded similar results between the experimental and 
wild fish groups. 

Genotoxicity was accessed by DNA migration (tail moment) 
which was recorded during application of different slaughtering 
methods (Figure 2).  According to the results (Figure 3) overdose of 
anaesthetics induced significantly lower DNA migration (p<0.05) 
compared to bleeding, icewater and asphyxia. No differences were 
observed between the DNA migration induced by overdose of 
essential oils O. vulgare, C. zeylanicum and E. aromatica and chemical 
anaesthetic agent (2-phenoxyethanol). Also, no differences were 
recorded, comparing the DNA strand breakage of the experimental 
and wild fish groups, in case of slaughtering by asphyxia.

DISCUSSION

In accordance to E.U. regulations, killing of farmed animals 
for food production or for scientific purposes must be void of 
pain, distress and suffering. During aquaculture practices, fish 
performance, growth and survival are affected by stressors [8]. 
Stressful conditions induced by slaughtering methods can affect 
the commercial quality of the end product. The development of 

stunning methods leading to immediate or rapid unconsciousness 
of fish before slaughtering, is an emerging necessity [10,12,61]. 
As different fish species react differently to similar situations, 
stress induced during slaughtering ought to be species specific 
and separately investigated [7]. In reference to EFSA [12], animals 
should only be killed after stunning. Loss of consciousness and 
sensibility should be rapid, in order to guarantee the fish welfare 
during slaughtering and maintained until the death of the animal 
[13]. A prolonged period of consciousness, prior to killing, is 
characteristic of all commercial slaughtering methods presently 
used in aquaculture, since no other alternative acceptable humane 
methods for this are practiced [12].

Induced stress and genotoxicity of slaughtering, by over-dosing fish 
with three essential oils, O. vulgare, E. aromatica and C. zeylanicum, 
was presently assessed. Their effects were compared with over-
dosing with a widely used chemical anaesthetic (2-phenoxyethanol) 
and three commonly applied slaughtering methods (asphyxia, 
bleeding, and immersion in ice-water). Anaesthetic overdose is 
the proposed method for protection of fish used for scientific 
purposes, in the process of killing, according to the EU Council 
Directive [6]. The use of essential oils is an alternative option for 
inducing fish anaesthesia [62], as well as other suitable food-grade 
anaesthetics [38].

Interest in natural products with anaesthetic properties 
has increased, as aquaculture fish are intended for human 
consumption. Extracts derived from medicinal plants have low 
cost, easy accessibility, efficacy and are environmentally safe [39,63]. 
According to stress indicators presently measured, plasma cortisol 
and DNA fragmentation overdose, of all essential oils examined, 
proved to induce less stress, as compared to asphyxia, bleeding and 
immersion in ice-water. Essential oils extracted from O. vulgare, E. 
aromatica and C. zeylanicum, have an anaesthetic effect similar to 
that of chemicals [44], possessing the characteristics of the ideal 
anaesthetic [64]. Clove oil is the most widely used natural product 
for fish anesthesia [11,52,65-67]. On the other hand, asphyxia 
is considered as one of the most stressful slaughtering methods, 
increasing haematological parameters, glucose levels, lactate and 
cortisol response [68,69]. Furthermore, bleeding methods don’t 
lead to rapid death or unconsciousness, exhibiting extreme adverse 
reactions, such as vigorous escape attempts and wide opening of the 
mouth and gills [70]. Cutting the gills is not effective in provoking 
death rapidly [71], even though it is considered more efficient than 

Figure 1: Effect of different slaughtering methods on plasma cortisol 
level (Χ ± S.E.). Letters a, b and c indicate significant differences between 
treatments (ANOVA; P<0.05). E.F.: Experimental Fish, W.F.: Wild Fish.

Figure 2: Different levels of DNA damage. (A) Cell’s nuclei with normal 
intact DNA (B and C) Nucleus with medium and severe damaged DNA. 

Figure 3: DNA migration represented as mean tail moment ± S.E. from 
hepatocytes after applying different slaughtering methods. Letters a and 
b indicate significant differences between treatments (ANOVA; P<0.05). 
E.F.: Experimental Fish, W.F.: Wild Fish.
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cutting the caudal vein [70]. Finally, chilling fish is the oldest and 
simplest method used in inducing anaesthesia [72,73]. Chilling 
results in some sort of sedation when fish are placed in ice slurry, as 
their examined responsiveness is low. Rapid temperature changes 
have been assessed to cause stress, [74], therefore fish may be 
subjected to stress between the times they are placed in ice slurry to 
the induction of sedation [75].

The medicinal plants O. vulgare and C. zeylanicum have traditionally 
been used by folk medicine for their medicinal properties, while 
their anaesthetic effect has been recently assessed [76,77]. Herbal 
essential oils or extracts have been found to induce anaesthesia 
in fish, with positive health effects [39]. Cortisol fluctuation is 
an important physiological change which is involved in a stress 
response [19] and one of the most accepted primary responses [22] 
reflecting acute stress [20].

The ability of an anaesthetic agent to mitigate cortisol stress 
response is a desirable characteristic [78]. O. vulgare, E. aromatica 
and C. zeylanicum used in the present study, demonstrated high 
efficiency in blocking the plasma cortisol response to stress in 
gilthead seabream, as in all examined cases, plasma cortisol level 
was significantly lower compared to other slaughtering techniques. 
The clove oil preventive behaviour upon cortisol release in Salmo 
salar, has been discussed before by Iversen et al. [79] indicating 
that there is a blockage of sensory information transmission to the 
hypothalamus, not triggering the hormonal cascade. Clove oil is 
one of the most commonly used anaesthetics in the aquaculture 
industry, as it is an effective anaesthetic without negative side 
effects on the fish [51]. Clove oil is one of the optimal anaesthetics 
in relation to cortisol response [80-82]. Prevention of cortisol 
release has been also achieved by Aloysia triphylla and Lipia alba 
[83,84], Origanum oil and eucalyptus oil [85].

In the present study the chemical anaesthetic 2-phenoxyethanol 
presented significantly higher cortisol-blocking properties, 
recording the lowest plasma cortisol levels. A similar approach was 
described by [86] who found that the essential oil of L. alba, induced 
a higher cortisol level compared to 2-phenoxyethanol in gilthead 
sea bream. According to Golomazou et al. [46], 2-phenoxyethanol 
induces deep anaesthesia in a significantly shorter time in 
comparison to O. vulgare, E. aromatica and C. zeylanicum. This 
could explain the low plasma cortisol levels, as the effect of the 
aneasthetic on plasma cortisol is dose dependent, determining 
the time of anaesthesia induction [83-88]. During treatment, the 
anaesthetic agent is dispersed in the water and absorbed across the 
gills, the time of anaesthesia induction depending on, the amount 
of anaesthetic absorbed by the fish and their exposure time to the 
anaesthetic bath [35].

The fact that an essential oil is derived from plants does not necessarily 
mean that it is fully harmless, as it may have dose dependent 
toxic effects [53]. Essential oils may be safe in low concentrations 
but display toxicity at high concentrations [90]. DNA strand  
breakage acts as a biomarker of genotoxicity in fish and other 
aquatic species [91,92], sustaining competitive advantages 
compared to other genotoxic assays [93]. Herein, genotoxicity was 
assessed by in vivo comet assay, which is considered mature enough 
to ensure reliable detection of relevant genotoxicants, included in 
the ICH S2(R1) guidance [54].

Fish exposure to O. vulgare, E. aromatica and C. zeylanicum induced 

DNA migration in hepatocytes, indicating genotoxicity. DNA 
strand breakage has been recorded before at fish exposure to 
essential oils, by comet assay [94]. Clove and origanum oil, are 
known to act as irritants [95]. Clove oil is related to oxidative 
DNA damage [96] and is known as a cytotoxic compound for 
prokaryote and eukaryote cells [97-100]. Also, cytotoxic effect of 
cinnamaldehyde on tumor cells has been proved [101-104], while 
its antitumor properties are related to its antioxidant activity [105]. 
The variability of the essential oil composition is stated to be an 
equally important factor which affects their cytotoxic properties, 
while alcohol, aldehydes and phenolic constituents are the main 
cytotoxic agents [106].

However, in the present study, the genotoxic effect of the essential 
oils tested, proved to be significantly lower as compared to 
asphyxia, bleeding and immersion in ice-water, as tail moment 
values in hepatocytes of all anaesthetic groups were lower. DNA 
damage recorded in the present study was higher, compared to 
previous studies [46] and this is probably related to anaesthetic 
overdose. Clove oil genotoxic effect is dose-dependent [67]. 
This activity has been mainly attributed to eugenol, inducing 
mutations in eukaryotic cells, but the mechanism involved is not 
well understood [107]. However, O. vulgare, E. aromatica and C. 
zeylanicum may act as antioxidants and anti-inflammatory or pro-
oxidant agents, depending on their concentration, indicating a 
potential geno-protective role for essential oils [46,108-112].

CONCLUSION

FAO predicts that by 2030, sixty-two percent of consumed fish 
will be of aquacultural origin. Therefore, developing commercial 
stunning methods that induce rapid unconsciousness in fish before 
slaughtering in aquaculture, presents an urgent requirement. 
According to stress indicators presently measured, overdose of 
all examined essential oils proved to induce less stress compared 
to asphyxia, bleeding and immersion in ice-water. Compared 
to other slaughter techniques the use of O. vulgare, E. aromatica 
and C. zeylanicum demonstrated high efficiency by blocking the 
plasma cortisol response to stress in gilthead seabream and had 
a lower genotoxic effect. In the present study, the three essential 
oils examined can possibly be developed to potential anaesthetic 
agents promoting welfare in fish during slaughter. However, the 
implication caused by using essential oils as commercial food-
grade anaesthetics and their link in yielding a spicy, pungent taste 
and possibly modifying the flavour of fish fillets, must be further 
investigated.

ACKNOWLEDGEMENTS

This research is carried out in the context of the project “Welfare 
and farewell: Comparative evaluation of slaughtering  methods 
on stress response in intensively cultivated fish” (MIS: 5005564) 
under the call for proposals "Supporting researchers with emphasis 
on new researchers" (EDULLL 34). The project is co-financed by 
Greece and the European Union (European Social Fund- ESF) 
by the Operational Programme Human Resources Development, 
Education and Lifelong Learning 2014-2020. The authors 
acknowledge special thanks to BioMar Hellenic SA (Greece) for 
providing feeds.



6

Panagiotaki P, et al. OPEN ACCESS Freely available online

J Aquac Res Development, Vol. 11 Iss. 2 No: 580

Conflicts of Interests

The authors declare no conflict of interest.

REFERENCES

1.	 Ankamah-Yeboah Ι,  Jacobsen JB, Olsen SB, Nielsen M, Nielsen R. 
The impact of animal welfare and environmental information on the 
choice of organic fish: An empirical investigation of german trout 
consumers. Mar Res Econ. 2019; 34: 247-266. 

2.	 Maesano G, Carra G, Vindigni G. Sustainable dimensions of seafood 
consumer purchasing behaviour: A review. Qual-Acces Suc. 2019; 20: 
358-364.

3.	 Faucitano L, Martelli G, Nannoni E, Widowski T. Fundamentals of 
animal welfare in meat animals and consumer attitudes to animal 
welfare. New Asp Meat Qual from Genes to Ethics. 2017; 537–568.

4.	 Zander K, Feucht Y. Consumers’ willingness to pay for sustainable 
seafood made in Europe. J Int Food Agribus Mark. 2018; 30:251–275. 

5.	 The council of the European Union. Council Regulation (EC) No 
1099/2009 of 24 September 2009 on the protection of animals at the 
time of killing. Off J Eur Union. 2009; 1-30.

6.	 Anderson LD. The Directive 2010/63 and a comparative overview of 
National Legislations related to Cephalopods P. Vergara - Education 
& Training post implementation of Directive 2010/63/EU; 
Requirements and needs for cephalopod workers G. Fi. 2010; 1–11.

7.	 Opinion of the Scientific Panel on Animal Health and Welfare 
(AHAW) on a request from the Commission related to welfare aspects 
of the castration of piglets. EFSA J. 2004; 2:91.

8.	 Herrera M, López J, Herves A. A preliminary approach on the stress 
assessment through harmless procedures in farmed seabream (Sparus 
aurata). Anim Welf. 2016; 25: 423–427.

9.	 Poli BM. Farmed fish welfare-suffering assessment and impact on 
product quality. Italian J of An Sci. 2009; 8: 139–160. 

10.	 Digre H, Erikson U, Misimi E, Lambooij B, Van de Vis H. Electrical 
stunning of farmed Atlantic cod Gadus morhua L.: A comparison of 
an industrial and experimental method. Aquac Res. 2010; 41:1190–
1202.

11.	 Navarro-Segura L, Ros-Chumillas M, López-Cánovas AE, García-Ayala 
A, López-Gómez A. Nano-encapsulated essential oils embedded in ice 
improve the quality and shelf life of fresh whole seabream stored on 
ice. Heliyon. 2019; 5.

12.	 Algers B, Blokhuis HJ, Bøtner A, Broom DM, Costa P. Species-
specific welfare aspects of the main systems of stunning and killing 
of farmed seabass and seabream. Scientific Opinion of the Panel on 
Animal Health and Welfare (Question N° EFSA-Q-2008-439). EFSA 
J. 2009; 1013: 1–37.

13.	 Zhang L, Li Q, Lyu J, Kong C, Song S. The impact of stunning methods 
on stress conditions and quality of silver carp (Hypophthalmichthys 
molitrix) fillets stored at 4°C during 72 h postmortem. Food Chem. 
2017; 216: 130–137.

14.	 Lerfall J, Roth B, Skare EF, Henriksen A, Betten T. Pre-mortem stress 
and the subsequent effect on flesh quality of pre-rigor filleted Atlantic 
salmon (Salmo salar L.) during ice storage. Food Chem. 2015; 175: 
157–165.

15.	 Concollato A, Dalle Zotte A, Vargas SC, Cullere M, Secci G. Effects 
of three different stunning/slaughtering methods on physical, 
chemical, and sensory changes in rainbow trout (Oncorhynchus mykiss). 
J Sci Food Agric. 2019; 99: 613–619.

16.	 De Melo FVST, Viegas EMM, Parisi G, Bordignon AC, Da Cruz Neto 
MA. Physical, chemical and sensory evaluation of meat from cobia 
(Rachycentron canadum), desensitized with different voltages of electric 

shock, stored under refrigeration. Cienc Rural. 2019; 49: 1–11.

17.	 Veit JC, Piccolo J, Scherer AF, Machado IS, Peres MM. Stability of 
frozen fillets from silver catfish anesthetized with essential oil of 
Lippia alba prior to electrical stunning or hypothermia. J Food Process 
Preserv. 2017; 41: 1–10.

18.	 Gasco L, Gai F, Rotolo L, Parisi G. Effects of different slaughtering 
methods on rigor mortis development and flesh quality of tench 
(Tinca tinca). J Appl Ichthyol. 2014; 30: 58–63.

19.	 Sherman GD, Mehta PH. Stress, cortisol, and social hierarchy. Curr 
Opin Psychol. 2020; 33: 227–232.

20.	 Aerts J, De Saeger S. Quantification of glucocorticoids in fish scales 
as biomarkers for chronic stress. United States Patent Application. 
2014. 

21.	 Barton BA. Stress in finfish: Past, present and future-a historical 
perspective In: G.K. Iwama, A.D. Pickering, J.P. Sumpter, C.B. 
Schreck (Eds.), Fish Stress and Health in Aquaculture, Society for 
Experimental Biology Seminar Series 62. Cambridge Univ Press 
Cambridge. 1997; 1–33.

22.	 Barton BA. Stress In: R.R. Stickney (Ed.), Encyclopedia of 
Aquaculture. John Wiley and Sons, New York, USA. 2000.

23.	 Castanheira MF, Herrera M, Costas B, Conceição LEC, Martins 
CIM. Linking cortisol responsiveness and aggressive behaviour in 
gilthead seabream Sparus aurata: Indication of divergent coping styles. 
Appl Anim Behav Sci. 2013; 143: 75–81.

24.	 Sadoul B, Geffroy B. Measuring cortisol, the major stress hormone in 
fishes. J Fish Biol. 2019; 94: 540–555.

25.	 Love OP, Mcgowan PO, Sheriff MJ. Maternal adversity and ecological 
stressors in natural populations: The role of stress axis programming 
in individuals, with implications for populations and communities. 
Funct Ecol. 2013; 27: 81–92.

26.	 Malandrakis EE, Dadali O, Golomazou E, Kavouras M, Dailianis 
S, et al. DNA damage and differential gene expression associated 
with physical stress in gilthead seabream (Sparus aurata). Gen Comp 
Endocrinol. 2016; 236: 98-104.

27.	 Geffroy B, Bardonnet A. Sex differentiation and sex determination 
in eels: Consequences for management. Fish Fish. 2016; 17: 375–398.

28.	 Goikoetxea A, Todd E V, Gemmell NJ. Stress and sex: Does cortisol 
mediate sex change in fish? Reproduction. 2017; 154: 149–160.

29.	 Beldade R, Blandin A, O’Donnell R, Mills SC. Cascading effects of 
thermally-induced anemone bleaching on associated anemonefish 
hormonal stress response and reproduction. Nat Commun. 2017; 8. 

30.	 Geffroy B, Sadoul B, Bouchareb A, Prigent S, Bourdineaud JP. 
Nature-based tourism elicits a phenotypic shift in the coping abilities 
of fish. Front Physiol. 2018; 9: 1–17.

31.	 McKenzie DJ, Steffensen JF, Taylor EW, Abe AS. The contribution of 
air-breathing to aerobic scope and exercise performance in the banded 
knifefish Gymnotus carapo L. J Exp Biol. 2012; 215: 1323-1330.

32.	 Sadoul B, Foucard A, Valotaire C, Labbé L, Goardon L. Adaptive 
capacities from survival to stress responses of two isogenic lines of 
rainbow trout fed a plant-based diet. Sci Rep. 2016; 6: 1–11.

33.	 Papaharisis L, Tsironi T, Dimitroglou A, Taoukis P, Pavlidis M. Stress 
assessment, quality indicators and shelf life of three aquaculture 
important marine fish, in relation to harvest practices, water 
temperature and slaughter method. Aquac Res. 2019; 50: 2608–2620.

34.	 Ross LG, Ross B. Anaesthetic and sedative techniques for aquatic 
animals, Blackwell, Oxford. 2008. 

35.	 Zahl IH, Samuelsen O, Kiessling A. Anaesthesia of farmed fish: 
Implications for welfare. Fish Physiol Biochem. 2012; 38: 201–218.

https://www.journals.uchicago.edu/doi/abs/10.1086/705235
https://www.journals.uchicago.edu/doi/abs/10.1086/705235
https://www.journals.uchicago.edu/doi/abs/10.1086/705235


7

Panagiotaki P, et al. OPEN ACCESS Freely available online

J Aquac Res Development, Vol. 11 Iss. 2 No: 580

36.	 Ackerman PA, Morgan JD, Iwama GK. Anesthetics. CCAC guidelines 
on: the care and use of fish in research, teaching and testing. Canadian 
Council on Animal Care, Ottawa CA, USA. 2005; 53-54.

37.	 Neiffer DL, Stamper MA. Fish sedation, anesthesia, analgesia, and 
euthanasia: Considerations, methods, and types of drugs. ILAR J. 
2009; 50:343–360.

38.	 Lines JA, Spence J (2014) Humane harvesting and slaughter of farmed 
fish. OIE Rev Sci Tech. 2014; 33: 255–264.

39.	 Hoseini SM, Mirghaed AT, Yousefi M. Application of herbal 
anesthetics in aquaculture. Rev Aquac. 2019; 11: 550–564.

40.	 Readman GD, Owen SF, Murrell JC, Knowles TG. Do fish perceive 
anesthetics as aversive? PLoS One. 2013; 8.

41.	 Meinertz JR, Greseth SL, Schreier TM, Bernardy JA, Gingerich 
WH. Isoeugenol concentrations in rainbow trout (Oncorhynchus 
mykiss) skin-on fillet tissue after exposure to AQUI-STM at different 
temperatures, durations, and concentrations. Aquaculture. 2006; 
254: 347–354.

42.	 Kiessling A, Johansson D, Zahl IH, Samuelsen OB. Pharmacokinetics, 
plasma cortisol and effectiveness of benzocaine, MS-222 and 
isoeugenol measured in individual dorsal aorta-cannulated Atlantic 
salmon (Salmo salar) following bath administration. Aquaculture. 
2009; 286: 301–308. 

43.	 Simões LN, Lombardi DC, Gomide AT, Gomes LC. Efficacy of 
clove oil as anesthetic in handling and transportation of Nile tilapia, 
Oreochromis niloticus (Actinopterygii: Cichlidae) juveniles. Zoologia. 
2011; 28: 285–290.

44.	 Becker AG, Parodi TV, Heldwein CG, Zeppenfeld CC, Heinzmann 
BM, Baldisserotto B. Transportation of silver catfish, Rhamdia quelen, 
in water with eugenol and the essential oil of Lippia alba. Fish Physiol 
Biochem. 2012; 38: 789–796.

45.	 Silva LL, Parodi TV, Reckziegel P, Garcia VO, Bürger ME, et al. 
Essential oil of Ocimum gratissimum L.: Anesthetic effects, mechanism 
of action and tolerance in silver catfish, Rhamdia quelen. Aquaculture. 
2012; 350–353:91–97.

46.	 Golomazou E, Malandrakis EE, Kavouras M, Karatzinos T, Miliou H, 
Exadactylos A, et al. Anaesthetic and genotoxic effect of medicinal 
plant extracts in gilthead seabream (Sparus aurata L.). Aquaculture. 
2016; 464: 673-682.

47.	 Jerez-Cepa I, Fernández-Castro M, Del Santo O’Neill TJ, Martos-
Sitcha JA, Martínez-Rodríguez G, Mancera JM, et al. Transport and 
recovery of gilthead seabream (Sparus aurata L.) sedated with clove 
oil and MS-222: Effects on stress axis regulation and intermediary 
metabolism. Front Physiol. 2019; 10: 1–13.

48.	 Miller EC, Swanson AB, Phillips DH, Flethcer TL, Liem A.  
Structure-activity studies of the carcinogenicities in the mouse and rat 
of some naturally occurring and synthetic alkenylbenzene derivatives 
related to safrole and estragole. Cancer Res. 1989; 43: 1124-1134. 

49.	 Javahery S, Nekoubin H, Moradlu AH. Effect of anaesthesia with 
clove oil in fish (review). Fish Physiol Biochem. 2012; 38: 1545–1552.

50.	 Leporatti ML, Ivancheva S. Preliminary comparative analysis of 
medicinal plants used in the traditional medicine of Bulgaria and 
Italy. J Ethnopharmacol. 2003; 87: 123–142.

51.	 Ivanova D, Gerova D, Chervenkov T, Yankova T. Polyphenols and 
antioxidant capacity of Bulgarian medicinal plants. J Ethnopharmacol. 
2005; 96: 145–150.

52.	 López-Cánovas AE, Cabas I, Ros-Chumillas M, Navarro-Segura L, 
López-Gómez A. Nanoencapsulated clove essential oil applied in low 
dose decreases stress in farmed gilthead seabream (Sparus aurata L.) 
during slaughter by hypothermia in ice slurry. Aquaculture. 2019; 
504:437–445.

53.	 Slamenova D, Horvathova E. Cytotoxic, anti-carcinogenic and 
antioxidant properties of the most frequent plant volatiles. Neoplasm. 
2013; 60: 343-354.

54.	 Frötschl R. Experiences with the in vivo and in vitro comet assay in 
regulatory testing. Mutagenesis. 2015; 30: 51–57.

55.	 Barzilai A, Yamamoto KI. DNA damage responses to oxidative stress. 
DNA Repair (Amst). 2004; 3: 1109–1115.

56.	 Xu T, Ding W, Ji X, Ao X, Liu Y. Oxidative stress in cell death and 
cardiovascular diseases. Oxid Med Cell Longev. 2019.

57.	 Tort L, Pavlidis MA, Woo NY. Stress and welfare in sparid fishes: 
Sparidae: Biology and aquaculture of gilthead sea bream and other 
species, Eds. MA Pavlidis, CC Mylonas (1st Edition) 2011 Blackwell 
Publishing Ltd. 2011. 

58.	 Baksi SM, Frazier JM. Isolated hepatocytes-model systems for 
toxicology research. Aquat Toxicol. 1990; 16: 229–259.

59.	 Devaux A, Pesoren M, Monod G. Alcaline comet assay in rainbow 
trout hepatocytes. Toxicol Vitr. 1997; 71-79.

60.	 Singh NP, McCoy MT, Tice RR, Scheider EL. A simple technique for 
quantitation of low levels of DNA damage in individual cells. Exp. 
Cell Res. 1988; 237: 123–130.

61.	 Duran A, Erdemli U, Karakaya M, Yilmaz M. Effects of slaughter 
methods on physical, biochemical and microbiological quality of 
rainbow trout Oncorhynchus mykiss and mirror carp Cyprinus carpio 
filleted in pre-, in- or post-rigor periods. Fish Sci. 2008; 74: 1146–1156.

62.	 Readman GD, Owen SF, Murrell JC, Knowles TG. Do fish perceive 
anaesthetics as aversive? PLoS ONE. 2013; 8

63.	 De FreitasSouza C, Baldissera MD, Baldisserotto B, Heinzmann BM, 
Martos-Sitcha JA, Mancera JM. Essential oils as stress-reducing agents 
for fish aquaculture: A review. Front Physiol. 2019; 10.

64.	 Marking LL, Meyer FP. Are better anesthetics needed in fisheries? 
Fisheries. 1985; 10: 2–5.

65.	 Waterstrat PR. Induction and recovery from anesthesia in channel 
catfish Ictalurus punctatus fingerlings exposed to clove oil. J World 
Aquac Soc. 1999; 30: 250–255.

66.	 Griffiths SP. The use of clove oil as an anaesthetic and method for 
sampling intertidal rockpool fishes. J Fish Biol. 2000; 57: 1453–1464.

67.	 Shoeibi S, Rahimifard N, Pirouz B, Yalfani R, Pakzad SR. Mutagenicity 
of four natural flavors: Clove, cinnamon, thyme and Zataria multiflora 
Boiss. J Med Plants 2009; 8: 89–96.

68.	 Acerete L, Reig L, Alvarez D, Flos R, Tort L. Comparison of two 
stunning/slaughtering methods on stress response and quality 
indicators of European sea bass (Dicentrarchus labrax). Aquaculture. 
2009; 287: 139–144.

69.	 Concollato A, Olsen RE, Vargas SC, Bonelli A, Cullere M. Effects 
of stunning/slaughtering methods in rainbow trout (Oncorhynchus 
mykiss) from death until rigor mortis resolution. Aquaculture. 2016; 
464: 74–79.

70.	 Morzel M, Sohier D, Van De Vis H. Evaluation of slaughtering 
methods for turbot with respect to animal welfare and flesh quality. J 
Sci Food Agric. 2003; 83: 19–28.

71.	 Erikson U, Sigholt T, Rustad T, Einarsdottir IE, Jørgensen L. 
Contribution of bleeding to total handling stress during slaughter of 
Atlantic salmon. Aquac Int. 1999; 7: 101–115.

72.	 Randall DJ, Hoar WS. Special Techniques. Fish Physiology. 1971; 6: 
511-528. 

73.	 Ross LG, Ross B. Principles and practice of fish anaesthesia. 
Veterinary Anaesthesia and Analgesia. 1983; 11: 154-189



8

Panagiotaki P, et al. OPEN ACCESS Freely available online

J Aquac Res Development, Vol. 11 Iss. 2 No: 580

74.	 Arends RJ, Van Der Gaag R, Martens GJM, Wendelaar Bonga SE, 
Flik G. Differential expression of two pro-opiomelanocortin mRNAs 
during temperature stress in common carp (Cyprinus carpio L.). J 
Endocrinol. 1998; 159: 85–91.

75.	 Lambooij E, Van de Vis JW, Kloosterboer RJ, Pieterse C. Welfare 
aspects of live chilling and freezing of farmed eel (Anguilla anguilla L.): 
Neurological and behavioural assessment. Aquaculture. 2002; 210: 
159–169.

76.	 Burt S. Essential oils: Their antibacterial properties and potential 
applications in foods - A review. Int J Food Microbiol. 2004; 94: 
223–253.

77.	 Raut JS, Karuppayil SM. A status review on the medicinal properties 
of essential oils. Ind Crops Prod. 2014; 62: 250–264. 

78.	 King VW, Hooper B, Hillsgrove S, Benton C, Berlinsky DL. The 
use of clove oil, metomidate, tricaine methanesulphonate and 
2-phenoxyethanol for inducing anaesthesia and their effect on the 
cortisol stress response in black sea bass (Centropristis striata L.). Aquac 
Res. 2005; 36: 1442–1449.

79.	 Iversen M, Finstad B, McKinley RS, Eliassen RA. The efficacy of 
metomidate, clove oil, Aqui-STM and Benzoak® as anaesthetics in 
Atlantic salmon (Salmo salar L.) smolts, and their potential stress-
reducing capacity. Aquaculture. 2003; 221: 549–566.

80.	 Tort L, Puigcerver M, Crespo S. Cortisol and haematological response 
in sea bream and trout subjected to the anaesthetics clove oil and 
2-phenoxyethanol. Aquac Res. 2002; 33: 907–910.

81.	 Small BC. Anesthetic efficacy of metomidate and comparison of 
plasma cortisol responses to tricaine methanesulfonate, quinaldine 
and clove oil anesthetized channel catfish Ictalurus punctatus. 
Aquaculture. 2003; 218: 177–185.

82.	 Bodur T, León-Bernabeu S, Navarro A, Tort L, Afonso JM. Effects 
of new plant based anesthetics Origanum sp. and Eucalyptus sp. oils 
on stress and welfare parameters in Dicentrarchus labrax and their 
comparison with clove oil. Aquaculture. 2018; 495: 402–408.

83.	 Gressler LT, Riffel APK, Parodi TV, Saccol EMH, Koakoski G. Silver 
catfish Rhamdia quelen immersion anaesthesia with essential oil of 
Aloysia triphylla (L’Hérit) Britton or tricaine methanesulfonate: Effect on 
stress response and antioxidant status. Aquac Res. 2014; 45: 1061–1072.

84.	 Almeida APG, Correia TG, Heinzmann BM, Val AL, Baldisserotto 
B. Stress-reducing and anesthetic effects of the essential oils of Aloysia 
triphylla and Lippia alba on Serrasalmus eigenmanni (Characiformes: 
Serrasalmidae). Neotrop Ichthyol. 2019; 17: 1–8.

85.	 Bodur T, Afonso JM, Montero D, Navarro A. Assessment of effective 
dose of new herbal anesthetics in two marine aquaculture species: 
Dicentrarchus labrax and Argyrosomus regius. Aquaculture. 2018; 482: 
78–82.

86.	 Toni C, Martos-Sitcha JA, Ruiz-Jarabo I, Mancera JM, Martínez-
Rodríguez G. Stress response in silver catfish (Rhamdia quelen) exposed 
to the essential oil of Hesperozygis ringens. Fish Physiol Biochem. 2014; 
41: 129–138.

87.	 Holloway AC, Keene JL, Noakes DG, Moccia RD. Effects of clove 
oil and MS-222 on blood hormone profiles in rainbow trout C, 
Walbaum. Aquac Res. 2004; 35: 1025–1030.

88.	 Heo GJ, Shin G. Efficacy of benzocaine as an anaesthetic for Crucian 
carp (Carassius carassius). Vet Anaesth Analg. 2010; 37: 132–135.

89.	 Matsche MA. Evaluation of tricaine methanesulfonate (MS-222) 
as a surgical anesthetic for Atlantic Sturgeon Acipenser oxyrinchus 
oxyrinchus. J Appl Ichthyol. 2011; 27: 600–610.

90.	 Sinha S, Jothiramajayam M, Ghosh M, Mukherjee A. Evaluation of 

toxicity of essential oils palmarosa, citronella, lemongrass and vetiver 
in human lymphocytes. Food Chem Toxicol. 2014; 68: 71–77. 

91.	 Mitchelmore C, Chipman J. Detection of DNA strand breaks in 
brown trout (Salmo trutta) hepatocytes and blood cells using the 
single cell gel electrophoresis (comet) assay. Aquat Toxicol. 1998; 41: 
161–182.

92.	 Mitchelmore CL, Chipman JK. Detection of DNA strand breaks in 
brown trout. DNA Repair. 1998; 161–182.

93.	 Tice RR, Agurell E, Anderson D, Burlinson B, Hartmann P. Single 
cell gel/comet assay: Guidelines for in vitro and in vivo genetic 
toxicology testing. Environ Mol Mutagen. 2000; 35: 206–221.

94.	 Kampke EH, De Souza Barroso ME, Marques FM, Fronza M, Scherer 
R. Genotoxic effect of Lippia alba (Mill.) N. E. Brown Essential oil 
on fish (Oreochromis niloticus) and mammal (Mus musculus). Environ 
Toxicol Pharmacol. 2018; 59: 163–171.

95.	 Dweck AC. Toxicology of essential oils reviewed. Pers Care. 2009; 65–77.

96.	 Santos PE Dos, Egito LCM, De Medeiros SRB, Agnez-Lima LF. 
Genotoxicity induced by Eugenia caryophyllata infusion. J Toxicol 
Environ Heal - Part A Curr Issues. 2008; 71: 439–444.

97.	 Hong CH, Hur SK, Oh OJ, Kim SS, Nam KA. Evaluation of natural 
products on inhibition of inducible cyclooxygenase (COX-2) and 
nitric oxide synthase (iNOS) in cultured mouse macrophage cells. J 
Ethnopharmacol. 2002; 83: 153–159.

98.	 Kim SS, Oh OJ, Min HY, Park EJ, Kim Y. Eugenol suppresses 
cyclooxygenase-2 expression in lipopolysaccharide-stimulated mouse 
macrophage RAW264.7 cells. Life Sci. 2003; 73: 337–348.

99.	 Li Y, Xu C, Zhang Q, Liu JY, Tan RX. In vitro anti-Helicobacter pylori 
action of 30 Chinese herbal medicines used to treat ulcer diseases. J 
Ethnopharmacol. 2005; 98: 329–333.

100.	Park LK, Shin SC. Fumigant activity of plant essential oils and 
components from garlic (Allium sativum) and clove bud (Eugenia 
caryophyllata) oils against the Japanese termite (Reticulitermes speratus 
kolbe). J Agric Food Chem. 2005; 53: 4388–4392.

101.	 Bhattacharjee S, Rana T, Sengupta A. Inhibition of lipid peroxidation 
and enhancement of GST activity by cardamom and cinnamon 
during chemically induced colon carcinogenesis in Swiss albino mice. 
Asian Pacific J Cancer Prev. 2007; 8: 578–582.

102.	Cabello CM, Bair WB, Lamore SD, Ley S, Bause AS. The cinnamon-
derived Michael acceptor cinnamic aldehyde impairs melanoma cell 
proliferation, invasiveness, and tumor growth. Free Radic Biol Med. 
2009; 46: 220–231. 

103.	Lu F, Ding Y, Ye X, Liu D. Cinnamon and nisin in alginate-calcium 
coating maintain quality of fresh northern snakehead fish fillets. 
LWT - Food Sci Technol. 2010; 43: 1331–1335. 

104.	Chou ST, Chang WL, Chang CT, Hsu SL, Lin YC. Cinnamomum 
cassia essential oil inhibits α-MSH-induced melanin production and 
oxidative stress in murine B16 melanoma cells. Int J Mol Sci. 2013; 
14: 19186–19201. 

105.	Gruenwald J, Freder J, Armbruester N. Cinnamon and health. Crit 
Rev Food Sci Nutr. 2010; 50: 822–834.

106.	Bruni R, Medici A, Andreotti E, Fantin C, Muzzoli M. Chemical 
composition and biological activities of Ishpingo essential oil, a 
traditional Ecuadorian spice from Ocotea quixos (Lam.) Kosterm. 
(Lauraceae) flower calices. Food Chem. 2004; 85: 415–421.

107.	 Maralhas A, Monteiro A, Martins C, Kranendonk M, Laires A. 
Genotoxicity and endo-reduplication inducing activity of the food 
flavouring eugenol. Mutagenesis. 2006; 21: 199–204.

108.	Miyazawa M, Hisama M. Antimutagenic activity of phenylpropanoids 
from clove (Syzygium aromaticum). J Agric Food Chem. 2003; 51: 
6413–6422. 



9

Panagiotaki P, et al. OPEN ACCESS Freely available online

J Aquac Res Development, Vol. 11 Iss. 2 No: 580

109.	Portmann E, Nigro MML, Reides CG, Llesuy S, Ricco RA. Aqueous 
extracts of Lippia turbinata and Aloysia citriodora (Verbenaceae): 
Assessment of antioxidant capacity and DNA damage. Int J Toxicol. 
2012; 31: 192–202.

110.	 Arami S, Ahmadi A, Haeri SA. The radioprotective effects of origanum 
vulgare extract against genotoxicity induced by 131I in human blood 
lymphocyte. Cancer Biother Radiopharm. 2013; 201–206.

111.	 Habibi E, Shokrzadeh M, Ahmadi A, Chabra A, Naghshvar F. 
Genoprotective effects of Origanum vulgare ethanolic extract against 
cyclophosphamide-induced genotoxicity in mouse bone marrow cells. 
Pharm Biol. 2015; 53:92–97.

112.	Habibi E, Shokrzadeh M, Chabra A, Naghshvar F, Keshavarz-Maleki 
R. Protective effects of Origanum vulgare ethanol extract against 
cyclophosphamide-induced liver toxicity in mice. Pharm Biol. 2015; 
53: 10–15.


	Titel
	ABSTRACT
	Corresponding Author
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	Experimental fish  
	Slaughtering methods 
	Blood sample collection and cortisol measurement  
	Genotoxic effect of slaughtering methods   
	Comet assay  
	Scoring of DNA damage using image analysis  
	Statistical analysis 

	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	Figure 1
	Figure 2
	Figure 3
	Table 1
	REFERENCES

