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Abstract

The aim of the present study is to examine the efficacy of lemongrass oil (Cymbopogon schoe-
nanthus) and clove oil (Eugenia caryophyllata) by establishing the time needed for induction and re-
covery from anesthesia of two-year old common carp (Cyprinus carpio L.). The fish treated with lem-
ongrass oil have an average body weight (BW, g) of 614.20 ± 162.18 g and an average total length (TL, 
cm) of 36.10 ± 3.77 cm. The fish used in the experiment with clove oil have an average body weight 
of 572.32 ± 191.32 g and average total length of 36.19 ± 4.0 cm. For both experiments, five treatments 
are conducted with five experimental concentrations: 0.02 ml/l-1, 0.04 ml/l-1, 0.06 ml/l-1, 0.08 ml/l-1 and 
0.10 ml/l-1. The method of individual treatment is applied. For each concentration, 10 fish are used to 
ensure statistical significance of the results. For both essential oils the fastest anesthetic effect is reg-
istered at the highest concentration of 0.10 ml/l-1 with a significant difference between the variants (P 
≤ 0.05). Based on the results, it can be concluded that the time required for anesthesia of two-year old 
common carp with lemongrass oil is significantly longer compared to the time required using clove 
oil. At the highest experimental concentration of lemongrass (0.10 ml/l-1) anesthesia occurs after more 
than 10 min, which makes the use of this essential oil as an anesthetic ineffective in commercial or 
scientific activities. 

During the experiment, it has been established that clove oil is significantly more effective as an-
esthetic agent for two-year old common carp compared to lemongrass oil.
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Резюме

Целта на настоящото проучване е да се изследва анестезиращият ефект на масло от лимо-
нена трева (Cymbopogon citratus) и масло от карамфил (Eugenia caryophyllata) чрез проследява-
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не на времето необходимо за индукция и възстановяване от анестезия при двугодишен шаран 
(Cyprinus carpio L.). Рибите третирани с лимонена трева имат средно телесно тегло (BW, g) от 
614,20 ± 162,18 g и средна обща дължина (TL, cm) от 36,10 ± 3,77 cm. При третирането с карам-
филовото масло рибите са със средно телесно тегло от 572,32 ± 191,32 g и средна обща дъл-
жина от 36,19 ± 4,0 cm. При провеждането на експеримента са използвани пет концентрации 
лимонена трева и карамфилово масло: 0,02 ml/l-1, 0,04 ml/l-1, 0,06 ml/l-1, 0,08 ml/l-1 и 0,10 ml/l-1. 
Приложен е методът на индивидуално третиране. За всяка концентрация са използвани 10 
риби, за да се осигури статистическа значимост на резултатите. При най-висока концентрация 
от 0,10 ml/l-1 е регистриран най-бърз анестезиращ ефект и при двете експериментални масла 
със значима разлика между вариантите (P ≤ 0,05). 

Въз основа на резултатите може да се заключи, че времето необходимо за анестезия на дву-
годишен шаран с масло от лимонена трева е значително по-дълго в сравнение с времето необ-
ходимо при използване на карамфилово масло. При най-високата експериментална концентра-
ция на лимонената трева (0,10 ml/l-1) анестезия настъпва за повече от 10 минути, което прави 
приложението на това етерично масло неефективно в производствени или научни дейности. 

По време на експеримента е установено, че карамфиловото масло е по-ефективен анестетик 
за двугодишен шаран в сравнение с маслото от лимонена трева.

Ключови думи: анестезия, лимонена трева, карамфилово масло, Cyprinus carpio, 
обикновен шаран

Introduction

The aquaculture industry consists of stress-
ful activities that can affect the well-being of the 
species, including handling, confinement, fertil-
ization, transport, and different operations, from 
the hatchery to the final commercial stage (Ash-
ley, 2007; Sampaio and Freire, 2016; Sneddon et 
al., 2016; Sánchez-Muros et al., 2017; Souza et 
al., 2019). 

Essential oils have been used in aquaculture 
studies due to their diverse properties that can 
improve health, growth and welfare of animals, 
as well as to reduce stress processes (Azambuja 
et al., 2011; Zeppenfeld et al., 2014; Saccol et al., 
2016, 2018; Souza et al., 2018; Souza et al., 2017; 
Souza et al., 2019). There are reviews of the ef-
fects of essential oils as sedatives, anesthetics, 
antioxidants, and antimicrobials (Cunha et al., 
2018; Hoseini et al., 2018; Sutili et al., 2018; Sou-
za et al., 2019).

Species belonging to genus Cymbopogon are 
perennial herbs of the Poaceae family, native 
to Asia and commonly found on the American 
continent (Oladeji et al., 2019). Essential oil from 

C. citratus is known for its immunomodulato-
ry, anti-inflammatory, antiseptic, antimicrobial, 
and antifungal properties (Devi et al., 2011; Al-
Sagheer et al., 2018; Souza et al., 2019). 

The anesthetic effect of lemongrass in com-
mon carp (Cyprinus carpio) has not been studied 
so far. Research on the sedative and anesthetic 
effect of lemongrass has been done with species 
such as: freshwater angelfish, Pterophyllum sca-
lare (Oliviera et al., in review), Nile tilapia juve-
niles, Oreochromis niloticus (Netto et al., 2017) 
and silver catfish, Rhamdia quelen (Santos et al., 
2017). The efficacy of both clove oil and lemon-
grass oil as sedative in transportation has been 
tested in orange chromide, Etroplus maculatus 
(Dominic et al., 2016). 

Many studies have been conducted to in-
vestigate the use of clove essential oil (Eugenia 
aromatica and Eugenia caryophylata) as a fish 
anesthetic and its effectiveness in different fish 
species (Javahery et al., 2012; Priborsky and Ve-
lisek, 2018; Aydın and Barbas, 2020). Besides its 
effectiveness, clove oil is widely used in aqua-
culture for being a lowcost, abundant, low toxic, 
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and environmentally friendly product (Mitjana 
et al., 2014; Taheri Mirghaed et al., 2018; Aydın 
et al., 2019; Aydın and Barbas, 2020). Howev-
er, some studies have reported negative effects, 
including decreased blood lymphocyte, neutro-
philia, ventilatory failure, medullary collapse 
and partial fusion of lamellae after exposure to 
this oil (Sladky et al., 2001; Mazandarani et al., 
2017; Kumari et al., 2018; Taheri Mirghaed et al., 
2018, Aydın and Barbas, 2020).

The anesthetic effect of different essential 
oils have been tested on common carp, such as 
clove oil (Husen and Sharma, 2015); tea tree, 
Melaleuca alternifolia (Hajek, 2011); spearmint, 
Mentha spicata (Roohi and Imanpoor, 2015); 
basil, Ocimum basilicum (Khumpirapang et al., 
2018, Krasteva et al., 2021 a); American basil, 
O. canum and holy basil, O. sanctum (Khumpi-
rapang et al., 2018); lavender, Lavandula angus-
tifolia and thyme, Thymus vulgaris (Krasteva et 
al., 2021 a) and rosemary, Rosmarinus officinalis 
(Krasteva et al., 2021 b).

The aim of the present research is to investi-
gate the anesthetic effect of Cymbopogon schoe-
nanthus and Eugenia caryophyllata in two-year 
old common carp in order to establish their ef-
fectiveness as sedative and anesthetic agents in 
aquaculture practice.

Material and methods

The study was conducted at the Institute of 
Fisheries and Aquaculture, Plovdiv in July 2021.

Subject of research
The subject of the experiment was two-year 

old C. carpio, in the size-weight group used for 
sport fishing, hatched by natural propagation in 
May 2019 and reared in the ponds of the ex-
perimental base of IFA, Plovdiv in polyculture 
with bighead carp, Hypophthalmichthys nobilis 
and grass carp, Ctenopharyngodon idella. For 
the purpose of the study, the fish were caught 
from the experimental ponds and transfered for 
storage in 3 m3 tanks. The biometric character-
istics of the experimental fish are presented in 
Table 1.

Essential oils
The lemongrass essential oil (Cymbopogon 

schoenanthus) and the clove oil (Eugenia cary-
ophyllata) were purchased commercially with 
listed ingredients 100% pure lemongrass oil and 
100% clove oil, produced in Plovdiv, Bulgaria by 
“Rivana” LTD. The experimental solutions were 
prepared by diluting the oil in ethyl alcohol (95%) 
in 1:9 ratio and were added to 10 l experimental 
tanks with vigorous stirring before treatment.

Experimental design
Due to the lack of published data, and in order 

to preserve the well-being of the treated fish and 
to prevent mortality, the lowest experimental 
concentration for both oils was 0.02 ml/l-1. The 
applied concentrations were increased gradually 
in order to carefully observe the behavior and 
condition of the fish. The maximum applied con-
centration of clove oil was 0.10 ml/l-1, as further 
increase in the concentration may lead to nega-
tive side effects and mortality.

The experimental concentrations of lemon-
grass oil were the same as clove oil, in order to 
compare the results.

The applied concentrations were five: 0.02 
ml/l-1, 0.04 ml/l-1, 0.06 ml/l-1, 0.08 ml/l-1 and 0.10 
ml/l-1. The method of individual treatment was 
applied. For each concentration, 10 fish were 
used to ensure statistical significance of the re-
sults. For each essential oil 100 fish were used, 
or a total of 200 fish for the experiment. In order 
to secure the welfare of the treated specimens, 

Table 1. Body weight (BW, g) and total length 
(TL, cm) of the fish in the experiment
Lemon grass
Statistical value BW (g) TL (cm)
Mean ± SD 614.20 ± 162.18 36.10 ± 3.77
Min–max 330.0 ÷ 870.0 29.14 ÷ 41.50
CV, % 26.40 10.44
Clove oil
Statistical value BW (g) TL (cm)
Mean ± SD 572.32 ± 191.32 36.19 ± 4.0
Min–max 190.0 ÷ 890.0 29.14 ± 41.64
CV, % 33.43 10.99
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the biometric parameters, body weight (BW, g) 
and body length (TL, cm), were measured after 
treatment with the anesthetic solution.

When preparing the solutions for anesthesia 
and recovery, the temperature of the water was 
equalized to the temperature of the water in the 
storage tanks. Before adding the anesthetic solu-
tion, the temperature (T °C) and the level of dis-
solved oxygen (O2, mg/l-1) were measured. 

To recover from anesthesia, the fish were 
transferred in tanks with the same volume of 
clean water (10 l) with placed microcompressors, 
where they were observed until complete recov-
ery. The time required for the induction of an-
esthesia and subsequent recovery was measured 
with a stopwatch, taking into account the time 
of each phase. When processing the results, the 
data is converted into minutes according to the 
following formula: min = (min* 60 + sec)/60.

The behavior of the fish was described and 
analyzed according to the phases of anesthesia 
and recovery determined by Hamackova et al. 
(2006):

Phases of anesthesia
Phase 1. Accelleration of the opercular move-

ments, increased respiratory activity.
Phase 2. Decreased respiratory activity ac-

companied by uncoordinated movements.
Phase 3. Loss of equilibrium, decreased oper-

cular movements, the fish still react to strong ex-
ternal stimuli.

Phase 4. Complete immobilization, the fish 
lie on the bottom and do not react to handling.

Phases of recovery
Phase 1. Beginning of movements.
Phase 2. Weak, uncoordinated locomotor ac-

tivity.
Phase 3. Normal position of the body. Normal 

locomotor activity is regained.

Statistical analysis
All data is presented as average values (mean 

± SD). The results obtained for the induction of 
anesthesia and the period of recovery for each 
concentration and phase were analyzed at a con-
fidence level of P ≤ 0.05. Phase 4 at 0.04 ml/l-1 

lemongrass oil was not included in the statisti-
cal analysis as anesthesia was not induced in 
all experimental individuals. The results were 
analyzed separately for each essential oil. For 
this purpose, a comparative Student T-test (Two 
sample for mean) was performed using Excel - 
Data Analysis.

Results and discussion

The main hydrochemical parameters dis-
solved oxygen (O2, mg/l-1) and temperature (T 
°C), measured in the tanks for anesthesia and 
in the tanks for recovery are presented in Fig. 1 
(A & B) and Fig. 2 (A & B). The measured oxy-

Fig. 1. Dissolved oxygen (O2, mg/l-1) (A) and water temperature (T °C) (B) in the tanks for anesthesia for 
lemongrass and clove oil
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gen in the recovery tank, for both experimen-
tal oils, varies from 5.80 mg/l-1 to 8.53 mg/l-1, 
and the measured temperature is in the range 
of 20.0 °C–22.3 °C. The oxygen measured in 
the anesthesia tanks, for both essential oils, is 

in the range from 3.60 mg/l-1 to 6.30 mg/l-1 and 
the measured is in the range from 19.6 °C to 
21.9 °C.

During the whole duration of the experiment, 
the values of the dissolved oxygen and tempera-

Fig. 2. Dissolved oxygen (O2, mg/l-1) (A) and water temperature (T °C) (B) in the tanks for recovery for 
lemongrass and clove oil

Table 2. Duration (min) of the phases of anesthesia and recovery of two-years common carp (K2), 
anaesthetized with two essential oils. Data are presented as average ± sd.
Phases Concentration (ml/l-1)
Lemon grass 0.02 0.04 0.06 0.08 0.10
A2 15.90 ± 0.97 9.68 ± 1.69bc 5.76 ± 1.35cbde 4.32 ± 0.65dce 2.98 ± 0.44ecd

A3 - 16.35 ± 0.92bc 14.16 ± 1.14cb 10.08 ± 0.77de 8.58 ± 0.91ed

A4 - 18.08 ± 1.30* 16.35 ± 1.28cd 13.23 ± 2.11dce 10.34 ± 0.65ed

R1 - 2.78 ± 0.27a 4.27 ± 0.64a 4.58 ± 0.70a 4.31 ± 0.60a

R2 - 3.35 ± 0.71 5.77 ± 0.85ce 6.83 ± 1.31 7.94 ± 1.71ec

R3 - 4.40 ± 0.57bc 6.45 ± 0.84cbd 8.06 ± 1.30dce 10.24 ± 1.32ed

Phases Concentration (ml/l-1)
Clove oil 0.02 0.04 0.06 0.08 0.10
A2 2.97 ± 0.69ad 2.03 ± 0.34bd 1.26 ± 0.14 1.09 ± 0.35dabe 0.51 ± 0.13ed

A3 6.16 ± 1.25ab 3.15 ± 0.66bad 2.60 ± 0.75 2.00 ± 0.69db -
A4 7.63 ± 0.94 4.21 ± 0.65bc 3.29 ± 0.60cbd 2.42 ± 0.61dce 1.45 ± 0.39ed

R1 1.86 ± 0.59abc 3.07 ± 0.82bade 3.31 ± 0.27cae 3.84 ± 0.82db 4.35 ± 0.52ebc

R2 2.49 ± 0.63abd 5.00 ± 1.51bad 4.57 ± 0.64ce 6.02 ± 1.84dab 6.39 ± 1.65ec

R3 3.23 ± 0.75ab 5.93 ± 1.84bade 6.22 ± 0.75cd 8.03 ± 2.04dbc 9.15 ± 1.60ebc

*70% of experimental individuals.
In all lines, values connected by different superscripts are significantly different from each other (P ≤ 0.05).
A2 – Phase 2 of anesthesia				    a – 0.02 ml/l-1

A3 – Phase 3 of anesthesia				    b – 0.04 ml/l-1

A4 – Phase 4 of  anesthesia				    c – 0.06 ml/l-1

R1 – Phase 1 of recovery					    d – 0.08 ml/l-1

R2 – Phase 2 of recovery					    e – 0.10 ml/l-1

R3 – Phase 3 of recovery	
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ture varied within narrow limits and no critical 
values were registered.

The results of the experiment of the anesthetic 
effect of lemongrass and clove oil are presented 
in Table 2. 

Lemon grass oil
At the lowest concentration of 0.02 ml/l-1, for 

a period of 20 minutes, the fish reach only Phase 
2 of anesthesia expressed in periods of static and 
active state of the individuals. No recovery peri-
od is observed due to the lack of anesthetic effect 
of the oil at this concentration.

At 0.04 ml/l-1, Phase 4 of anesthesia occurs 
most slowly with an average induction time of 
18.08 min in 70% of the fish, with the remaining 
30% being in Phase 3 of loss of balance. The ex-
perimental individuals go through all phases of 
recovery for an average period of 4.40 min.

At 0.06 ml/l-1 anesthesia occurs with an aver-
age induction time of 16.35 min. 

At the concentration of 0.08 ml/l-1 the period 
of anesthesia takes an average of 13.23 min.

At 0.10 ml/l-1, Phase 4 of general anesthesia oc-
curs after 10.34 min with a significant difference 
between the experimental variants (P ≤ 0.05).

The recovery period for the higher concentra-
tions (0.06 ml/l-1, 0.08 ml/l-1 and 10 ml/l-1) is re-
spectively 6. 45 min, 8.06 min and 10.24 min.

Oliviera et al. (in review) applied 0.01 ml/l-1, 
0.025 ml/l-1, 0.05 ml/l-1, 0.075 ml/l-1, 0.1 ml/l-1, 
0.15 ml/l-1, 0.20 ml/l-1 and 0.25 ml/l-1 lemongrass 
to study the effects of anesthesia in freshwater 
angel fish (Pterophyllum scalare) of two differ-
ent size groups – juveniles I (0.82 g) and II (2.40 
g). The authors established that the best sedation 
and anesthesia times are obtained with 0.01 ml/
l-1 and 0.025 ml/l-1 and 0.20 ml/l-1 and 0.25 ml/l-1 

respectively.
A study by Netto et al. (2017) verified the sed-

ative and anesthetic effect of Cymbopogum flex-
uosus in Nile tilapia juveniles at different con-
centrations of the essential oil: 0.01 ml/l-1, 0.025 
ml/l-1, 0.05 ml/l-1, 0.1 ml/l-1, 0.2 ml/l-1, 0.4 ml/l-1 

and 0.6 ml/l-1. The time of sedation ranged from 
0.12 to 0.51 min and the recommended concen-
tration was 0.01 ml/l-1 and 0.025 ml/l-1. The best 
times for anesthesia and recovery were found 

for the concentrations of 0.6 ml/l-1 (5.45 and 6.25 
min, respectively). 

Santos et al. (2017) studied the time for an-
esthesia induction and recovery using different 
concentrations of Cymbopogon flexuosus in sil-
ver catfish (Rhamdia quelen). A total of 144 sil-
ver catfish, length 7.5 ± 1.1 cm, weighing 3.95 ± 
0.85 g were used in the experiment. Essential oils 
were evaluated at concentrations of 0.025 ml/l-1, 
0.15 ml/l-1 and 0.3 ml/l-1. The authors established 
that C. flexuosus induced effective sedation at 
0.025 ml/l-1 and anesthesia at 0.15 ml/l-1 and 0.3 
ml/l-1 without short-term mortality. As in the 
current experiment, time to anesthesia induction 
followed a negative concentration-dependent 
pattern, but the recovery time demonstrated a 
positive concentration-response relationship. 

In the current research lemongrass oil induce 
anesthesia slower compared to previous studies 
of its anesthetic effect in other fish species. At 
the highest experimental concentration of 0.10 
ml/l-1 anesthesia is induce after 10.34 min with 
long recovery period of 10.24 min which makes 
lemongrass essential oil not suitable for applica-
tion in two-year old common carp.

Clove oil
Unlike lemongrass, the lowest concentration 

of clove oil (0.02 ml/l-1) has anaesthetic effect on 
two-year old common carp with an average in-
duction time of 7.63 minutes. 

At 0.04 ml/l-1 anesthesia occurs after 4.21 
minutes in 100% of the fish. 

At the concentration of 0.06 ml/l-1 anesthesia 
is induced after an average of 3.29 minutes.

At 0.08 ml/l-1 the average time for induction 
of general anesthesia is 2.42 min. 

The fastest anesthetic effect, with an average 
induction time of 1.45 min, is established at 0.10 
ml/l-1 with significant difference between the ex-
perimental variants (P ≤ 0.05). It has been ob-
served that at the highest concentration of clove 
oil (0.10 ml/l-1), the fish enter directly from Phase 
2 to Phase 4 of general anesthesia, with Phase 3 
of loss of balance being skipped.

The recovery period is the shortest (3.23 min) 
at 0.02 ml/l-1 and the longest at 0.10 ml/l-1 – 9.15 
min (P ≤ 0.05).
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Husen and Sharma (2015) established that the 
best concentrations of clove oil in Cyprinus car-
pio are 0.005–0.0075 ml/l-1 for sedative effect, 
0.025–0.075 for anesthetic effect and 0.05 ml/l-1 

for best concentration response under 3 min. The 
authors used common carp fry with body weight 
of 0.53 ± 0.14 g. The results showed that the low-
est effective doses that fulfil the most criteria 
of good anaesthetic characteristics is 0.05 ml/l-1 

clove oil. The induction times were decreased 
significantly with increased concentrations. 

Hajek et al. (2006) researched the lowest ef-
fective concentration of clove oil for the common 
carp, Cyprinus carpio L., and the safe working 
ranges for the anaesthetic. The fish were exposed 
to the concentrations of 0.01 ml/l-1, 0.02 ml/l-1, 
0.03 ml/l-1, 0.04 ml/l-1, 0.05 ml/l-1, 0.1 ml/l-1, 0.15 
ml/l-1 and 0.2 ml/l-1 of clove oil. Clove oil at the 
concentrations ranging from 0.03 ml/l-1 to 0.2 
ml/l-1 induced general anaesthesia. The lowest 
concentration causing general anaesthesia with 
an average induction time below 3 min was 0.04 
ml/l-1. Hajek et al. (2016) established that recov-
ery was concentration-independent and lasted 
for about 4 min. An increase in the concentration 
shortened the time of ventilation during anaes-
thesia and prolonged the recovery. The authors 
conclude that clove oil is a potent anaesthetic for 
carp, the safest and most effective at the concen-
trations of 0.03 ml/l-1 and 0.05 ml/l-1 and those 
solutions should be used, in the aquaculture 
practice, when the procedure requires more than 
5 min of the exposure to the anaesthetic.

Based on different studies perfomed with 
cold and warm water fish species (Wagner et al., 
2003; Velisek and Svobodova, 2004; Hajek et al., 
2006; Gomulka et al., 2008) the optimal clove 
oil dosage to induce anaesthesia varies between 
0.05 ml/l-1 and 0.1 ml/l-1 and is 0.01 ml/l-1  and 
0.03 ml/l-1 for handling (Javahery et al., 2012).

The results in the current study correspond 
to previously reported data on the fast anesthet-
ic effect of clove oil at low concentrations, both 
in common carp and other fish species, which 
makes it an affordable and effective sedative and 
anesthetic agent.

Conclusion

Based on the results, it can be concluded that 
the time required for the anesthesia of two-year 
old common carp with lemongrass oil is signifi-
cantly longer compared to the time required us-
ing clove oil.

At the lowest experimental concentration of 
lemongrass (0.02 ml/l-1) anesthesia is not ob-
served for a period of 20 min, while in clove oil it 
occurs in 7.63 min. At 0.04 ml/l-1 of lemongrass 
only 70% of the fish reach Phase 4 of anesthesia 
for 18.08 min. At the same concentration of clove 
oil, anesthesia is induced after 4.41 min in all ex-
perimental individuals. At 0.06 ml/l-1 the differ-
ence in the induction time for lemongrass and 
clove oil is almost 4 times, respectively 16.36 
min and 3.29 min. At 0.08 ml/l-1 clove oil the fish 
reach Phase 4 of anesthesia 10 min faster com-
pared to lemongrass, respectively 2.42 min and 
13.23 min. At the highest concentration of lem-
ongrass (0.10 ml/l-1), the average time required 
for general anesthesia is 10.34 min, while at the 
same concentration of clove oil anesthesia oc-
curs in 1.45 minutes, which is 7 times faster.

The recovery period at the concentrations 
0.06 ml/l-1, 0.08 ml/l-1 and 0.10 ml/l-1 is faster 
when clove oils is applied as anesthetic. 

The long induction time of anesthesia and 
slow recovery process make lemongrass essen-
tial oil not suitable for application as anesthetic 
agent in two-year old common carp. In the cur-
rent study, it has been established that clove oil 
is significantly more effective as anesthetic agent 
for two-year old common carp than lemongrass 
oil.
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