
The transportation of rainbow trout in the presence of the anesthetic clove oil was investigated. Before

the transportation tests, an acute experiment was conducted to verify that removal of the fish from the

water for one minute does not significantly increase the glucose or cortisol concentration of the blood

plasma. In the main experiment two different transportation conditions were compared: transport in water

only and in water with anesthetic. During transportation without addition of clove oil, blood plasma glu-

cose and cortisol concentrations changed significantly. The concentration of glucose increased from 4.92

mmol/L prior to transportation to 6.16 mmol/L and values similar to the initial ones (4.95 mmol/L) were

observed 5 hours after transportation. Concentration of the stress hormone cortisol increased from the ini-

tial 37.2 ng/mL to 89.2 ng/mL and returned to a value of 36.1 ng/mL 3 hours post transportation.

Respective values of glucose concentration have not changed significantly during transportation in the

presence of clove oil (4.3; 4.4; 4.4 mmol/L), whereas those of cortisol showed a slight decrease with the

passing of time (28.1; 26.7; 20.18 ng/mL). Results show that transportation stress can significantly be

reduced by the use of anesthetics.
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INTRODUCTION

Anesthetics play an important role in aquaculture production and research. They are

used in weight measurements, selection, broodstock management and in fish health

management [14, 29]. Anesthetics cause different levels of activity in fish. Fish first

obtain a state of general anesthesia which ends in a total loss of consciousness.

Reflex activity is lost entirely and skeletal muscle tone is also reduced [20].

Overdose or overexposure during treatments reduces breathing and results in low

oxygen saturation in blood and ultimately in respiration and circulation disorders

[31]. Reduced breathing is an important warning sign that requires termination of the

treatment [6, 7].
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Regularly used anesthetics include MS 222 (tricaine methanesulphonate), benzo-

caine, etomidate, metomidate, 2-phenoxyethanol, quinaldine, quinaldine sulphate or

norcaicum [19]. Clove oil is also a popular anesthetic for fish. Clove oil originates

from the distillate of the plant Eugenia caryophyllata that contains high concentra-

tions of eugenol [2, 9]. It also contains eugenol acetate (>17%), cariofilene (>12%)

and terpene that gives its characteristic taste and odor [27, 30]. Due to its main ingre-

dient eugenol it has a wide range of use, such as an antioxidant [17, 23, 25, 26],

antimycotic [3, 12] and antibacterial chemical [13, 21]. Several studies demonstrate

the applicability of clove oil in aquaculture [1, 10, 22, 24, 28, 32]. Its chief advan-

tages include low price and relative safety of use both for fish and humans [15].

In aquaculture, the transportation of different age groups of fish is a regular prac-

tice. This work phase is of great importance and requires increased attention as poor-

ly planned and conducted shipping can damage valuable stocks beyond repair. Only

a few studies have been published that investigate the effectiveness of clove oil in

fish treatment or transportation [4]. Investigated primarily the accumulation of clove

oil during transportation in the tissues of the silver perch (Bidyanus bidyanus,

Mitchell, 1838) and a beneficial effect of clove oil on the physiological processes of

the fish during shipping was observed: the fish were calmer and easier to handle at

arrival [16].

Effects of different doses of clove oil on the transportation of largemouth bass

(Micropterus salmoides, Lacépéde, 1802) were investigated by Cooke et al. [4]. The

relatively high concentration (5–9 mg/L) caused a quick initial tranquilizing effect,

although the fish lost their ability to react and the performance of the heart also

decreased. At a lower concentration, however, the fish regenerated quicker following

release into untreated water.

Experiments on keeping the fish in the air in a net were carried out only in a few

cases [5, 18], although they can provide important findings on the level of stress in

different fish species during regular fish farming activities such as seining or in an

experiment.

The first objective of this study was to investigate the effect of removal of fish

from the water on blood plasma glucose and cortisol concentrations. The main objec-

tive of the work was to explore the stress reducing effect of transportation in the pres-

ence of clove oil through monitoring the concentrations of the above-mentioned two

blood plasma components.

MATERIALS AND METHODS

The acute experiment was carried out by removing the fish from the water and hold-

ing them in the air in a landing net for one or three minutes. Blood samples were

taken from 5 individuals at each sampling event in both experiments. Blood sample

was taken from a given individual only once.

In the transportation experiments rainbow trout from a commercial farm (Hoitsy&

Rieger Kft, Lillafüred, Hungary) were used. Two transportations were conducted
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during the experiment: one with only water and one with water containing the anes-

thetic two weeks later. Both transportations were carried out in similar conditions

with the most important physical and chemical parameters of the water recorded.

Transportation of the experimental stock was conducted by a pickup truck. Clove oil

was used as anesthetic for transportation in the dose of 0.4 mL per 100 L of water.

The main components of the clove oil: 81.23% eugenol, 9.52% eugenol-acetate,

1.86% oleanol acid, 5.21% β-caryophyllene. The duration of transportations was two

hours. Blood samples were taken from the experimental fish immediately following

capture, holding them in the air in a landing net for one or three minutes, during

transportation (at half-time, 60 minutes) and immediately after arrival. In all cases

fish were removed from the water using a landing net. During sampling fish were

removed from the holding tank one by one and blood sampling was conducted imme-

diately after removal. Thus, the process of blood sampling from an individual took

approximately 30 seconds. Additional blood samplings took place one, three and five

hours after arrival in order to follow the changes in concentrations of blood plasma

parameters. Thirty-five fish were shipped in both cases. Water of the Garadna brook

was used for transportation.

Individuals in each experiment were selected to be able to provide a blood sample

of at least 1.5 mL. Fish were laid to their sides and sterile needle was introduced

between the anal fin and the lateral line. On average 1.5 mL of blood was collected

from the vena caudalis using heparinized syringes. Disposable 21–25 G needles and

2 mL syringes were used for blood sampling. Blood was shipped to the laboratory for

processing in closed coolers at 4 °C.

Blood plasma was separated by centrifugation (at 3000 rpm for 10 minutes). The

supernatant blood plasma was removed for storage and the layer containing white

blood cells and blood platelets was discarded. Glucose and cortisol concentrations

were determined in blood plasma samples. The plasma was stored at –20 °C until the

analyses. Frozen plasma was allowed to thaw at room temperature (20 ± 2 °C) before

the measurements.

General water quality parameters were determined in both transportation experi-

ments and in the acute experiment. These included water temperature (°C), pH, oxy-

gen saturation (mg/L), ammonia (mg/L), nitrite (mg/L) and phosphorus (mg/L)

concentration, total dissolved solutes (TDS, μS) and conductivity (mg/L). Water

quality tests were carried out using Carlo Erba test kits and Cornig as well as WTW

apparel.

Glucose level of the blood plasma was determined using an enzymatic colorimet-

ric (GOD-POD) method (REANAL, Budapest No:. 36116-2-99-80). According to

this method 0.01 mL of blood plasma was added to 1 mL of the reagent consisting of

phosphate buffer (9.5 mmol/L (pH 7.5)), phenol (9.5 mmol/L) and 4 amino-

antipyrine (0.7 mmol/L) and then incubated for 10 minutes at 37 °C. Following incu-

bation results were recorded in mmol/L from an automatic photometer (UV mini-

1240, at 500 nm wavelength).

Briefly, blood plasma cortisol concentration was determined using an Elisa Test

Kit (HUMAN Gesellschaft für Biochemica und Diagnostica mbH, Wiesbaden,
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Germany) according to the manufacturer’s protocol. Absorbance was determined

with a HUMAREADER photometer (Germany) at 450 and 630 nm. Cortisol con-

centrations were calculated in ngL
–1

using a standard.

The main effect of treatment time (independent variable) on the concentrations of

blood plasma parameters (dependent variables) was investigated using one-way

analysis of variance (ANOVA) in the first experiment. Means were compared using

Tukey’s test at P≤ 0.05. In the acute experiment, the main effect of treatment time on

the concentrations of blood plasma components were investigated using one-way

ANOVA at P≤ 0.05.

RESULTS

No significant difference was observed between water quality parameters during the

two transportation events, almost all measured parameters were identical. Analyzed

data were close to the desired threshold (O
2

concentration: 10.1–14.2 mg/L, pH:

7.6–7.8) (Fig. 1).

In the acute experiment only 3 minutes of holding the fish in the air resulted in a

significant (P < 0.001) increase of blood plasma glucose concentrations. Cortisol con-

centrations in the second experiment were slightly different from those of glucose.

No significant difference was found among cortisol levels at any point of time of

keeping the fish in a net. In case of a three-minute exposure an average elevation of

8 ng/mL was recorded in blood plasma cortisol concentrations comparing to the ini-

tial level but this increase was not significant, either (Fig. 2).

Blood plasma glucose concentrations increased significantly (P < 0.05) during

transportation comparing to those measured before shipping without the use of anes-

thetics. Glucose levels remained high following arrival, although, significant differ-

Fig. 1. Blood plasma glucose and cortisol concentrations in the rainbow trout in the acute experiment

(n = 5) non-significant = ns. Statistically significant difference at P < 0.0001 is marked with ***
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Fig. 2. Blood plasma glucose concentrations of rainbow trout during transportation without the use of

anesthetics (n=5). Columns marked with different letters (a, b, ab) represent significantly different values

Fig. 3. Blood plasma glucose concentrations of rainbow trout during transportation using clove oil as

anesthetic (n = 5).Columns marked with a represent significantly different values

Fig. 4. Blood plasma cortisol concentrations of rainbow trout during transportation without the use of

anesthetics (n=5). Columns marked with different letters (a, b, ac, bc) represent significantly different

values
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ence was not detected P > 0.05). Following arrival glucose concentrations gradually

returned to the initial values (Fig. 3).

The concentration of blood plasma glucose did not change during and after trans-

portation when clove oil was added to the shipping water. Statistically significant dif-

ferences were not detected among the glucose levels of blood samples taken at any

stage during transportation. The highest blood plasma glucose concentration (4.64

mmol/L) was measured one hour post arrival, however, this level was similar to the

value recorded before shipping (4.26 mmol/L) (Fig. 4).

The concentration of cortisol significantly (P < 0.001) increased during trans-

portation comparing to the initial value. Cortisol level of blood samples collected

immediately after arrival was also high comparing to that during transportation, and

no significant difference was detected between the two values. Comparing to the

highest cortisol concentration (89.17 ng/mL) measured during transportation a sig-

nificant decrease (P < 0.01) was recorded one hour post arrival (43.86 ng/mL).

Cortisol concentration returned to the initial level three hours after arrival and there

it remained through the fifth hour (Fig. 5).

During transportation of fish in water with added clove oil blood plasma cortisol

concentrations – similarly to those of glucose – did not alter significantly. No statis-

tically significant differences were detected among the measured cortisol levels

(P > 0.05). While glucose concentrations remained similar during the entire experi-

mental period, cortisol levels decreased during shipping, at arrival and one or three

hours post arrival comparing to the initial value, although this decrease was not sig-

nificant. A concentration of cortisol similar to the one measured before shipping

(28.14 ng/mL) was only recorded 5 hours after arrival (29.86 ng/mL).

Fig. 5. Blood plasma cortisol concentrations of rainbow trout during transportation using clove oil as

anesthetics (n = 5). Columns marked with a represent significantly different values
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DISCUSSION

The stress response of rainbow trout was investigated in a one- or three-minute acute

test by holding the fish in the air in order to monitor the changes in blood plasma glu-

cose and cortisol. The experiment has shown that a one-minute removal of the fish

from the water does not alter significantly the glucose or cortisol concentration of the

blood plasma. Thus, the blood sampling times that took approximately 30 seconds

did not affect the results collected during transportation. A significant difference

(P < 0.001) was observed in glucose concentrations at a 3-minute removal of fish

from the water compared to the group where fish were samples immediately after

removal from water and an increase – although not significant (P > 0.05) was

observed in cortisol levels, as well.

Most experiments on holding fish outside the water were conducted as accessory,

acute investigations. A 2-minute holding stress and 40-minute regeneration period

was tested on Arctic charr (Salvelinus alpinus), and cortisol, calcium, sodium, potas-

sium and chloride concentration of blood plasma were determined [18]. In the rain-

bow trout acute stress was induced by holding the fish in the air for 30 seconds and

then in a shallow bucket with water for 10 minutes where blood cortisol, adrenaline

and lysozime activities were investigated which have increased significantly [5].

The present study was conducted to investigate the possibilities of improving the

efficiency of rainbow trout transportation using an anesthetic. Comparing to shipping

only in water, the presence of clove oil presented more quiescent conditions for the

fish. The level of stress was successfully reduced by the addition of clove oil to the

transportation water. While the concentrations of both blood plasma glucose and the

stress hormone cortisol were elevated during conventional shipping in water, no sig-

nificant difference was observed in the levels of these blood plasma parameters dur-

ing transportation in the presence of anesthetic.

Similarly to the present study, the stress reducing effect of clove oil was investi-

gated in a Brazilian fish species (Brycon cephalus). Clove oil used in fish trans-

portation reduced stress response which was investigated through plasma cortisol

and glucose as well as sodium and potassium concentrations. Plasma cortisol and

glucose concentrations significantly reduced during transportation in presence of

clove oil [8].

Further investigations with clove oil were conducted in the transportation of

Atlantic salmon (Salmo salar). Clove oil added to the transportation medium of two-

year-old fish significantly reduced primary stress response (measured as plasma cor-

tisol) which additionally resulted in reduced mortality (tertiary stress response).

Mortality decreased by 10% when anesthetic was used compared to the group where

no anesthetic was applied. In terms of secondary stress response (osmoregulation)

only plasma magnesium concentrations of the two groups were found different.

Magnesium ion concentrations of both groups increased, however, while its value

returned to normal within 72 hours in the anesthetized group, it took one week for

the non-treated group to return to the initial Mg
2+

concentration [11].
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