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ABSTRACT 

Clove oil has become a popular fish anaesthetic for invasive fisheries 

research procedures, but few studies have examined the use of low concentrations of 

clove oil to achieve sedation for aquaculture procedures such as fish handling and 

transport.  The present work evaluated the response of blue tilapia by transportation 

stress procedures, and using of clove oil as an alternative natural anaesthetic to 

reduce the stress effects by transportation on blue tilapia( Oreochromis aureus). 

Clove oil solutions were tested at concentrations of 0, 0.2, 1, 2 and 3 mg/L during 

blue tilapia transportation in plastic bags and sitting in styrfom, supplied with water 

and oxygen as the usual field procedures in Egypt.  Results revealed that clove oil 

reduced some of the physiological responses such as Cortisol and glucose, which  are 

the most common stress indicators. Also, results showed that clove oil (0.2 mg/l) can 

mitigate the stress response and high survival rate occurred within group in blue 

tilapia  subjected to transport, wherever high mortality occurred within 24 hrs post 

transport in 3,0,2 and1 mg/l groups. Preferred to use 0.2 mg/l of clove oil when you 

move the blue tilapia fish for long distances. 
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INTRODUCTION  

Modern aquaculture practices 

frequently expose fish to a variety of 

acute stressors that have the potential 

to negatively affect fish performance 

and survival (Barton, 2000 ) One 

method commonly used to minimize or 

mitigate the effects of stress on fish is 

the use of anaesthetics (Berka, 1986). 

Current tilapia fishes packaging 

systems are characterized by very high 

fish loading densities and high 

metabolic wastes in the transport water 

after shipment. They focus mainly on 

management of the quality of transport 

water (Lian et al., 2003). Recent 

studies using the guppy as a model fish 

showed that post-shipment mortality 

could be reduced through enhancement 

off the stress resistance of the fish and 

hence emphases should also be placed 

on the preparation of the fish for 

transport and recovery of the fish after 

shipment( Lian et al., 2003).  The 

mortality in fish has been reported in 
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many fish farms, and it is usually 

associated with acute stimulus as 

handling and transport (Kubitza, 2003). 

These procedures are necessary, 

although they elicit many physiological 

and biochemical responses, 

collectively known as the stress 

responses (Iwama et al., 1997). 

     Anesthetics are currently 

used to minimize the stress associated 

with aquaculture procedures. The 

choice of a particular anesthetic 

depends on the availability, cost and 

safety to fish and humans( Iwama and 

Ackerman,1994). Several anesthetics 

sedate fish facilitating several stressful 

procedures (Iversen et al., 2003; 

Pirhonen and Schreck, 2003). Clove oil 

is one of the alternatives. Clove oil is 

extracted from clove tree, and the main 

component is eugenol (4-allyl-2-

metox-yphenol). In the past, clove oil 

was used as anti-septic and local 

analgesic for toothache (Soto and 

Burhanuddin, 1995). The FDA (US 

Food and Drugs Administration) 

considers clove oil as a safe substance 

(Anderson et al., 1997), and it has been 

used as a food additive. Clove oil is 

approved for use in aquaculture 

facilities in Australia, New Zealand, 

and other Oceania countries with no 

withdrawal period for human 

consumption and release of the fishes 

in the environment (Kildea et al., 

2004). However, in North America the 

FDA does not approve the use of clove 

oil for aquaculture purposes (Sladky et 

al., 2001 and Sinka,. and Nealb,2009).  

Researchers have investigated the 

effects of clove oil in fishes (Soto and 

Burhanuddin, 1995; Keene et al., 1998; 

Cho and Heath, 2000; Sladky et al., 

2001; Tort et al., 2002; Woody et al., 

2002 and Small, 2004). A study 

demonstrating the efficacy of clove oil 

in O. aureus broodstock . But, this 

work only determined the induction 

and recovery times to anesthesia. The 

use of a natural anesthetic in blue 

tilapia transportation would be an 

alternative to reduce the stress response 

that is certainly unavoidable, but it 

claims for new strategies to ameliorate 

this species management. Therefore, 

this study aimed to examin  the effects 

of clove oil on the response of blue 

tilapia by to transportation stress. 

MATERIALS AND METHODS 

The present study was conducted 

at Abbassa Fish hatchery, Central 

Laboratory for Aquaculture Research 

Abbassa, Abu- Hammad, Sharkia 

during February 2011.  Broodstock O. 

aureus  were fed with commercial 

pellets (30 % protein), twice a day to 

satiety in earthen ponds . Fish average 

weight and length were 160.1 ± 17.3 g 

and 22.1 ± 2.2 cm, respectively . Fish  

were selected from earthen ponds and 

after acclimatization for 24 hrs 

maintained in closed fiberglass tanks 

with re-circulated water  for 48 hrs 
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before air transport . The tanks were 3-

m
3
 capacity and the water quality 

parameters were: temperature 17.7 ± 

0.7 ºC, oxygen 5.4 ± 0.1 mg/L and pH 

7.0 ± 0.1 . A preliminary study was 

done to determine whether clove oil 

would affect cortisol response in O. 

aureus  subjected to air transport. Clove 

oil was obtained from the local market 

as pharmaceutical grade product, and an 

alcoholic solution was prepared to 

evade the clove oil hydrophobic traits. 

One part of clove oil was diluted in 20 

parts of 95 % ethanol alchol. Clove oil 

density was approximately 1000 

mg/mL (National Toxicology Program, 

2002), and final clove oil alcoholic 

solution was 50 mg/mL. Clear plastic 

bags (50 x 85 cm) were filled with 

water (10-L), and the respective amount 

of clove oil (previously diluted in 

alcohol) was added to obtain the 

following final concentrations: 0, 0.2, 1, 

2 and 3 mg/L. Seventy five broodstock 

fish   divided into five equal groups, 

whereas fifteen  5 fish / group  were 

netted from the holding tanks and 

equally distributed  to three plastic bags 

(5 fish / plastic bag) corresponding to 

approximately 80 g/L, which was used  

usually as a density  to air transport  of 

fish. Pure oxygen was supplied to the 

bags, which were sealed, placed in a 

transport truck and driven around for a 

period of 72 hours . At the end of the 

transportation, all the fish from each 

bag were sampled for posterior plasma 

cortisol and glucose analysis, 

determinations were done according to 

Bidinotto et al. (1997). Also, ten fish 

were sampled from bath of two control 

groups; one at the beginning of the 

transportationbefore and other at the 

end after for the same analysis of 

plasma cortisol and glucose . Cortisol 

was measured directly from plasma 

samples on a microplate reader 

([control Y] = 450 nm). Plasma aliquots 

(100 ml) were disrupted in 1 mL TCA 

(20 % Tri chlor acetic acid) and 

centrifuged at 12000 g for 3 min. Liver 

samples were also collected, and 

disruption was held in alkaline 

conditions at 100 ºC.  water 

temperature and dissolved oxygen were 

measured using YSI model 55 oxygen 

meter. Also, pH values were 

measuredby a Oreon model 710A pH 

meter. Water total ammonia was 

determined by a colorimetric method 

according to Gentzkow and Masen, 

1942). All data are represented as mean 

± SEM. The data were submitted to 

ANOVA, and the Tukeyes test was 

used to discern differences among the 

means (P<0.05). 

Statistical analysis 

Data were statistically analysed 

according to Bailey (1981). The level of 

significance between means for the 

statistical analysis is 0.05. 
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RESULTS 

Plasma cortisol levels were 

increased significantly ( P<0.05) in all 

groups related with transportation 

stress (Table 1). The data also showed 

that fish transported in bags containing 

clove oil 3 mg/L presented the highest 

cortisol values among all groups. Fish 

subjected to transport in bags 

containing 2 and 1 mg/L clove oil 

showed significant ( p<0.05) decrease 

of cortisol levels than fish transported 

in bags with out clove oil addition 0.0 

mg/l. However, these cortisol values 

were increased significantly (p<0.05)  

than both controls groups (before and 

after). The results of plasma glucose 

levels followed the same pattern of 

cortisol (Table 1). 

Plasma glucose levels were 

significantly (p<0.05)   higher in all 

fish groups related with  transportation 

stress (Table 1). However, plasma 

glucose levels in fish transported in 

bags containing (0.2 and1 mg/L) clove 

oil  were significantly lower than fish 

transported without anesthetic (0 

mg/L). Plasma glucose levels in the 

fish groups transported without clove 

oil were significantly higher than 

control groups (before and after) 

(Table1) 

During the transportation total 

ammonia increased, and pH decreased 

in all the bags compared with un 

transported group ( before)  (Table 2). 

As previously tested, clove oil addition 

to the water has no effect on water 

quality parameters. 

Results in Table 3 showed that 

no fish mortality was observed in the 

0.2 mg/l in course of transportation 

after 24 hrs. Highly significant 

(p<0.05)   mortality occurred within 24 

hrs post transport in 3,0,2 and1 mg/l 

group, respectively. Also, results in 

Table ( 3)   showed that the group 0.2 

mg/l were realized  higher survival rate  

significantly  than in all groups , even 

when transportation for 72 hrs. 

DESCUSSION 

Transport stress has been documented 

in several fish species. Usually the 

transport procedures promote changes 

in the physiological indicators of the 

stress such as cortisol, glucose, and 

ions (Wendelaar-Bonga, 1997). As 

transport is unavoidable in aquaculture, 

it is important to investigate strategies 

to minimize the physiological 

responces  associated with this 

procedure. Results demonstrated that 

clove oil alleviated most of the 

measured aspects of the stress response 

when compared with transported fish 

with out anaesthetic. 

The control group (transport 

without anaesthetic) showed an increase 

in    plasma    cortisol    levels    when  

http://www.scielo.br/img/revistas/aa/v35n2/n2a18t01.jpg
http://www.scielo.br/img/revistas/aa/v35n2/n2a18t01.jpg
http://www.scielo.br/scielo.php?pid=S0044-59672005000200018&script=sci_arttext#a#a
http://www.scielo.br/scielo.php?pid=S0044-59672005000200018&script=sci_arttext#a#a
http://www.scielo.br/img/revistas/aa/v35n2/n2a18t02.jpg


CLOVE OIL AND TRANSPORTATION STRESS OF BLUE TILAPIA  

81 

 

Table (1) :Effect of clove oil on the plasma cortisol( mg/l) and glucose (mg/l) of the blue 

tilapia submitted by transportation in plastic bags. 

After 3.0 2.0 1.0 0.2 0.0 BeforeTreatment  

11.6 c 

±1.3  

31.4 a 

±2.3  

26. a 

1±1.5  

23. b 

2±1.8  

22.5 b 

±2.1 

26.5 a 

±1.3 

12.1 c 

±1.5 
Cortisol 

94.6 c 

±2.6 

179.2 a 

±3.2 

165.2 a 

±3.4  

134.1 b 

±3.2 

131.1 b 

±2.2 

167.3 a 

±3.1 

94.3 c 

±3.2 
Glucose 

Values in the same row having the same latter are not significant different ( P<0.05). 

compared with both unstressed (before) 

and transported fish in bags containing 

clove oil solution (0.2 mg/l). Although 

clove oil attenuated the cortisol 

response, it did not abolish it 

completely. In this respect most studies 

have exposed fish to higher 

concentrations of clove oil (10-140 

mg/L) for shorter periods (1-30 

minutes) (Keene et al., 1998; Woody et 

al., 2002;  Iversen et al. 2003 and 

Small, 2004). Some of these studies 

have shown that the cortisol response 

can be prevented when fish are exposed 

to high doses of clove oil. Atlantic 

salmon demonstrated that exposure to 

10 mg/L of clove oil prevented the 

cortisol response only during the first 

10 min of exposure. After that, plasma 

cortisol levels significantly increased, 

but the values were lower (attenuated 

response) than fish not exposed to clove 

oil (Iversen et al., 2003).  Catfish also 

  

Table(2): Effect of clove oil on the water quality of the blue tilapia submitted to 

transportation in plastic bags.

3.0 2.0 1.0 0.2 0.0 before Treatment 

6.6 b 

±0.3  

6.7 b ± 

0.3 

6.7 b ± 

0.2 

6.7 b ± 

0.2 

6.9 a ± 

0.1 

7.1 a ±0.2 
Ph value 

15.1 a 

±0.1 

15.1 a ± 

0.2 

15.0 a  ± 

0.2 

15.2 a ± 

0.1 

15.0 a ± 

0.2  

17.0 a ±0.3 Temperature 

C 

3.1 b ± 

0.2 

3.0 b ± 

0.2 

3.3 b ± 

0.3 

3.5 b ± 

0.2 

3.2 b ± 

0.1 

5.0 a ±0.2 
Oxygen mg/l 

0.05 b 

±0.1 

0.08 a ± 

0.1 

0.04 b ± 

0.0 

0.03 b ± 

0.0 

0.04 b ± 

0.0 

0.01 c ±0.1 Total ammonia 

mg/l 

Values in the same row having the same latter are not significant different ( P<0.05).  
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Table (3): Effect of clove oil on the survival rate( % ) of the blue tilapia submitted by 

different transportation periods in plastic bags 

3.0 2.0 1.0 0.2 0.0 Treatment 

60 c ± 

0.0 

72 b ± 

0.6 

80 b ± 

0.0 

100 a ± 

0.0  

66 b ± 

0.5  

24 hrs 

20 b ± 

0.0  

20 b ± 

0.0  

50 a ± 

0.6  

52 a ± 

0.6  

20 b ± 

6.0  

48 hrs 

Die  Die  30 b ± 

0.6  

40 a ± 

0.0  

Die  72 hrs 

Values in the same row having the same latter are not significant different ( P<0.05)..

responded in a similar way when 

exposed to 100 mg of clove oil/L 

(Small, 2004). The mechanism of clove 

oil affects the cortisol response is not 

known, but Iversen et al. (2003) 

speculated that clove oil may block the 

transmission of sensory information to 

the hypothalamus, and therefore high 

concentrations of anesthetics prevent 

the activation of the hypothalamus-

pituitary-interrenal  axis more 

effectively than lower concentrations. 

So the cortisol response may be 

prevented (Iversen et al., 2003). 

In the present study, using of 

clove oil prevented the usual increasing 

in plasma glucose levels associated 

with fish transportation stress. 

Similarly, Iversen et al. (2003) found 

that Atlantic salmon did not increase 

plasma glucose levels during 30 min 

exposure to different concentrations of 

clove oil. Cortisol is thought to be one 

of the mediators of the increase in 

plasma glucose levels seen in stressful 

events (Barton et al., 2002). It may be 

possible that the lack of glucose 

response in fish exposed to clove oil 

was due to the attenuation of the 

cortisol response by clove oil. 

It is believed that the use of 

anesthetics in fish transport may reduce 

the fish activity and the ammonia 

excretion through the gills. 

Consequently, clove oil would provide 

better water quality for transport, and 

larger amounts of fish could be 

transported in the same container 

(Kubitza, 1998 and Kubitza, 2003). 

However, the results of the water 

analysis in this study demonstrated that 

during transport the water quality 

deteriorated in all treatments, and the 

anesthetic addition did not attenuate the 

water deterioration as expected (Table 

2). Water pH decreased after the 72 hrs 

transport in the plastic bags probably as 

a result of CO2 accumulation.  The pH 

influences the toxicity of several 

substances including total ammonia, 

which is present in the water as two 

forms: un-ionized (NH3 toxic to the 

fish, it diffuses easily across the gills) 

and ionized (NH4). At low pH, un-

http://www.scielo.br/img/revistas/aa/v35n2/n2a18t02.jpg
http://www.scielo.br/img/revistas/aa/v35n2/n2a18t02.jpg
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ionized ammonia represents a small 

portion of the total ammonia (Boyd, 

1982). Although in the present study 

total ammonia levels were increased 

during transportation process (Table 2), 

but the levels of un-ionized ammonia 

were decreased due to the reduction in 

the pH and probably were did not toxic 

to the fish. Furthermore, water 

temperature was constant avoiding 

another variant of ammonia toxicity. 

Also,  results had high dissolved 

oxygen levels (Table 2), which was due 

to the fact we saturated the bags with 

pure oxygen. However, the over oxygen 

saturation condition in the bags 

apparently did not have any deleterious 

effect on O. aureus broodstock  

In summary, this study suggests 

that the use of clove oil attenuated the 

stress response in O. aureus Broodsiock 

during transportation. Overall, from the 

current results. Further studies are 

required to understand the physiological 

responses of broodstock fish exposed to 

clove oil during other periods of 

transport and recoveries. Assessments 

of clove oil for aquaculture purposes 

have to be encouraged because this 

natural anesthetic is becoming more 

evident as a safe and low cost 

alternative. 
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