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Abstract. Transportation is carried out as a process of distributing Asian sea bass (Lates calcarifer) 
juvenile. Transportation methods are divided in two transportation systems that can be used for 

transportation of live fish, such as wet transportation and dry transportation. Transportation leads to 
stress on fish based on the cortisol level. The anesthetic effect of extracts of rubber seed extract, were 

tested on L. calcarifer as an alternative to reduce stress. Cortisol levels between wet and dry 
transportation system showed that the rubber seed extract as an anesthetic material significantly 

affected L. calcarifer.  
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Introduction. Asian sea bass (Lates calcarifer) is one of the leading marine aquaculture 
species in Indonesia. Transportation in seabass seed production activities is conducted as 
the seed distribution process. Transportation methods are divided in two systems that 
can be used for transportation of live fish, such as wet system and dry system. Close 
transportation system is reported to be more profitable due to the efficiency of the 
volume, resulting in carrying more seeds and covering longer distance (Junianto 2003). 

But wet transportation also has disadvantages such as higher costs, is impractical and 
requires a lot of space. The use of anesthesia in the public wet transportation system was 
carried out such as on botanical fish transportation for 18 hours using citronella oil with 
80% survival rate (Hasan et al 2016) and the use of clove oil in Nile tilapia (Oreochromis 
niloticus) seed transport for 10 hours with 97% survival rate (Haditomo et al 2014). 
Therefore, this study compares the cortisol levels of fish transported on different 
transportation systems. Dry system transportation is expected to be an alternative for 
live fish distribution because it is more efficient, practical and cheaper despite the risk of 
high mortality (Pratama et al 2017). Examples of the use of dry system transportation 
are in the soot fish using banana stem liver extract for 4 hours of transportation with a 
50% survival rate (Pratama et al 2017) and transportation of freshwater lobster using 
tuba root extract for 24 hours of transportation with a 100% survival rate (Hendra 2012). 

According to Ross & Ross (2008) problems encountered in transportation is the 
occurrence of fish stress caused by temperature and water chemical composition’s 

variation. Martínez-Porchas et al (2009) confirmed that fish stress can be observed by 
measuring the hematological parameters such as serum cortisol level. Cortisol is easily 
measured and the key in allostatic mechanisms, homeostatic control, and stress 
physiology (McEwen & Wingfield 2010). Increased plasma cortisol can cause an increase 
in plasma glucose level. Elevations in plasma glucose are generated initially by 
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catecholamine-mediated glycogenolysis and at later stages, cortisol-mediated 
gluconeogenesis, and lactate concentrations rise as muscle lactate formed during 
anaerobiosis is released to the plasma (Begg & Pankhurst 2004). 

In aquaculture, anesthesia is commonly used to minimize the level of sensitivity 

and reduce the physical injury to fish during transport (Pramod et al 2010). This obstacle 
occurred can be managed using fish anaesthetical technique. Until now, for anesthesia in 
transporting fish used chemicals as MS-222 (Trichain methasulfat) and Quinaldine (2-4 
Methycynolon) (Ross & Ross 2008). While there are natural materials that are easy to be 
used such as clove oil (Velisek et al 2005). But there is another natural ingredient that 
are potentially for usage as an anaesthetic substance, called the rubber (Hevea 
brasiliensis) seed. Selmar et al (1987) mentioned that the major component found in H. 

brasiliensis was linamarase (17.14%). The presence of alkaloid compounds in rubber 
seeds has pharmacological properties as anesthetics (Madziga et al 2010). Research on 
the use of rubber seed extract on biochemistry of L. calcarifer during transportation has 
never been done before.  

The present study was conducted to determine the biochemical effect of rubber 
seed extract as an anesthetic material and to know the optimal concentration that can be 
used during transportation. 
 
Material and Method 
 
Rubber seed extract. Rubber seed (H. brasiliensis) were obtained from CV. Alam 
Lestari. Ten kg of rubber seeds were dried and blended, obtaining 568 grams of dry 
rubber seed powder. The rubber seed powder used in this study was 500 grams which 
was macerated with one liter of ethanol for 24 hours with several stirring. The 

supernatant from the maceration process were evaporated with a rotary vacuum 
evaporator using a temperature of 70oC with a speed of 50 rpm. This way between 
rubber seed extract was separated by ethanol (Wildan et al 2012). 
 
Concentration determination. Concentration determination used in the preliminary 
research was based on range finding test that consisted of rubber seed extract 100 ppm, 
150 ppm, 250 ppm, 350 ppm, 450 ppm, 550 ppm, 650 ppm and 750 ppm. The 
concentration on the main study was obtained by using the safe concentration from this 
preliminary research. Based on the results from the preliminary examination, the fish 
survival rate at rubber seed extract 100 ppm is the highest concentration and survival 
rate was 100%. So the concentrations used in the main study were rubber seed extract 
RS 100 ppm, RS 90 ppm, RS 80 ppm and RS 70 ppm. According to Hanggono (2006) 
safe concentration of clove oil was under CO 5 ppm. All treatments were done by 
triplicates. 
 
Fish preparation. L. calcarifer size 10 cm and 18.46±2.16 g were retrieved from 
Brackish Water Cultivation Fishery (BPBAP) of Situbondo. Fish were obtained and 
selected based on the desired size for transportation process. Fish health status was 
determined by intact morphology and free from any other diseases by direct observation 
(clinical examination). Fish were fasted for one day before being transported in the 

specific media.  
 
Wet transport preparation. Ten L. calcarifer were placed in a plastic bag filled with 
seawater and extracts of cloves seed according to treatment (5 ppm clove oil, 70 ppm, 
80 ppm, 90 ppm and 100 ppm extract of rubber seeds) by 2 L. The oxygen was given 
with the ratio 1:3 according to plastic bag volume. This transport uses as many as two 
styrofoam that consists of one styrofoam sampling blood and one styrofoam survival rate 
on each observation time. Plastic bags were tied using rubber band and placed in 
styrofoam box, which was filled with ice cubes to stabilize the temperature between 21-
22°C (Lim et al 2003).  
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Dry transport preparation. Ten L. calcarifer were placed tub with seawater and 
extracts of cloves seed according to treatment (5 ppm clove oil, 70 ppm, 80 ppm, 90 
ppm and 100 ppm extract of rubber seeds) by 4 L until they become anesthetized. This 
transport uses as many as two styrofoam with size of 120 x 40 x 33 cm that consisting of 

one styrofoam for observing blood samples and one styrofoam for observing survival 
rates. The dry transportation system used styrofoam that has stuffed with ice cubes and 
chaff. Previously, calico fabric was sorted according to randomization and moistened to 
keep it in a humid atmosphere when transportation takes place. The packaging 
composition was carried as follows: (1) The base of the styrofoam box was given shaved 
ice cubes with a height of 4 cm and a volume of 19.200 cm3 evenly wrapped in plastic 
bags; (2) Cold straw was placed on ice with a height of 7 cm and a volume of 38.400 cm3 

evenly. The arrangement packaging of transportation can be seen in Figure 1. Transport 
lasted 12 hours. Observations of fish behavior during exposure consisted of fish 
movements, equilibrium of the body and stimulus response. According to McFarland 
(1959) stunning takes place to the stage of total loss of balance (deep anesthesia) 
demonstrated by total loss of consciousness and balance, giving reaction only to strong 
stimulants. The process of transport was carried out in the afternoon to avoid a 
significant temperature change at noon. 
 

 
Figure 1. The packaging composition in dry transportation. 

 
Blood sampling. Blood samples were taken from the caudal fin (Hanley et al 2010) 
using syringe of 1 mL. Each blood sample was placed in vacuum tube plain 5 mL and left 
at room temperature for an hour until separating the serum and the red blood cells. The 
blood serum was stored at the temperature -200C (Sink et al 2008).  
 
The assessment parameters 
Cortisol level. Cortisol level in L. calcarifer blood at pre-transportation, 6 hours 

transportation, 12 hours transportation, and post-transportation were measured by Non-
competitive type Enzyme-Linked Immunosorbent Assay (ELISA), (Mouse Cortisol ELISA 
Kit Cat.No. E1066Mo; BT Lab, Shanghai Crystal Day Biotech Company, China). 
Survival rate. L. calcarifer survival rate was measured at 6 and 12 hours transportation 
after being refreshed. Percentage of survival rate were counted based on Effendi (1997) 
who stated that survival rate is the ratio of total alive fish during transportation against 
total fish at the beginning of transportation and multiply by 100.   
Statistical analysis. The effect of different concentration of extracts rubber seed on 
cortisol level with different system transportation were compared among each other with 
a comparative test (Independent T-test; α= 0.05).  

 
Results. The use of different transportation system using extract of rubber seeds in L. 
calcarifer resulted different cortisol levels. In the wet transportation system, the 
swimming movement of the fish seemed calm at the bottom of the plastic bags. The 

stress reaction of L. calcarifer could be seen by changes at the cortisol levels. The highest 
corticol levels was observed in the case of 6 hours wet transportation in treatment RS 
100 ppm (238.29±11.85 µg dL-1) and the lowest was found in treatment RS 90 ppm 
(207.23±2.88 µg dL-1) which is not significantly different from the treatment CO 5 ppm 
(221.64±1.92 µg dL-1). While the highest corticol levels sea bass 6 hours dry 
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transportation in treatment RS 70 ppm (620.99±9.86 µg dL-1) and the lowest  found in 
treatment RS 100 ppm (444.53±27.95 µg dL-1) which is significant different from the 
treatment CO 5 ppm (503.78±13.73 µg dL-1). Cortisol levels of L. calcarifer for 6 hours of 
transportation showed significant differences (p<0.05) between wet and dry 

transportation. The highest corticol levels of L. calcarifer in 12 hours wet transportation 
was found in treatment RS 100 ppm (377.28±2.53 µg dL-1) and the lowest was found in 
treatment RS 90 ppm (324.12±3.37 µg dL-1). Whereas at 12 hours dry transportation 
occurs overall death, so the cortisol data was not obtained (Figure 2). Cortisol levels in 
the 6 hour dry transportation was highest than in wet transportation. Cortisol level in 6 
hour dry transportation different significant with addition of clove oil, while cortisol level 
in 12 hour transportation showed no significant different with clove oil supplement. 

 

 
Figure 2.  Cortisol levels of Lates calcarifer for 6 and 12 hours of transportation using 

rubber seed extract. Values represent the mean ± SD of three replicas. Clove Oil (CO); 
Rubber seed (RS). 

 
Survival rate. The effect of using rubber seed extract in wet transportation ensured 
100% fish survival for 6 and 12 hours transportation. While in dry transportation, the 
effect of rubber seed extract showed the highest survival (43%) in treatment RS 100 

ppm and the lowest survival (7%) in treatment RS 70 ppm for 6 hours of transportation. 
The rubber seed extract supplement showed an increase in survival rate in each 
treatment (Figure 3). 
 

 
Figure 3. Survival rate of Lates calcarifer for 6 and 12 hours of transportation using 

rubber seed extract. The rubber seed extract supplement showed an increase in survival 
rate in each treatment. Values represent the percentage ± SD of three replicas. Clove Oil 

(CO); Rubber seed (RS). 
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Discussion. Improved efforts to cultivate abundantly in the marketing of fresh seeds and 
fish must be offset by the proper treatment process. The proper and kind handling of 
transportation provides the basis for the high value of selling products and reduces the 
mortality rate of fish (Gomes et al 2003). In the wet transportation system, the fish 

survive in a low metabolic state that is assisted by the available oxygen. So that the use 
of wet transportation systems could be used successfully for higher quantity and longer 
distances (Junianto 2003). As for the dry transportation, the fish survive by relying on 
media and environmental humidity (Sufianto 2008). Dry transportation is used either in a 
commodity that has an added respiratory apparatus such as the lobster have a labyrinth 
(Sandrayani et al 2013) and eels that have breathing apparatus of a thin, slimy skin 
located in the oral cavity (Topan & Riawan 2015). 

In general, live fish transportation causes fish to experience high levels of stress 
caused by many factors which consist of mechanical changes in temperature and water 
chemistry fluctuations. Lisdiana (2012) stated that the stress level improve ACTH 
(adrenocorticotropin hormone) secretion, elevating cortisol level production which is a 
stress hormone that begins with the release of CRF (corticotropin releasing factor). CRF 
will stimulate the pituitary gland to release a variety of adrenaline hormones. Strong 
stressors are received by hypothalamus which will increase CRF releasing, pituitary 
stimulating and secreting cortisol by adrenal gland.  

According to Little (2002) changes in physical behaviors and activities of fish are 
common indicators of environmental stressors as changes in the environment may 
accelerate metabolic rates. The findings of Little (2002) was in accordance with Cerdá-
Reverter et al (1998) that L. calcarifer cortisol level is influenced by several 
environmental factors such as temperature and water quality. According to Ortuño et al 
(2001), the normal cortisol level of L. calcarifer is approximately 358 µg dL-1. In the 

present study, cortisol level in dry transportation (444.53 µg dL-1) was higher than 
cortisol levels in wet transportation (207.23 µg dL-1). Due to the application of rubber 
seed extract with a given concentration of RS 90 ppm was affected the nervous system of 
fish and implicit cortisol level. Rubber seed extracted as anesthetic material during 
transportation will inhibit the release of catecholamine and cartecosteroid hormones so 
that there is a decrease in cortisol and glucose levels in fish because rubber seed is one 
of the natural anesthetics that have pharmacological properties due to its alkaloid 
function as an anesthetic. This condition was in accordance with Septiarusli et al (2012) 
who reported that the use of anaesthesia was aimed to suppress the metabolism activity 
as well as reducing stress risk.  

The applied rubber seed extract in 12 hour wet transportation showed an increase 
in cortisol levels in each treatment. It is possible, because rubber seed extract has 
several compounds that have a negative impact as an anesthetic material. So if the 
concentration is too high, it will cause fish stress due to the inability to tolerate 
compounds that enter the body. This condition was corresponded with Selye (1936) who 
also reported that chemical changes in blood happen 6-48 hours after fish getting 
anaesthesized, such as cortisol level will increase in 12 hours. 

In dry transportation systems, cortisol levels increase 2 times higher than in the 
wet transportation, which indicates that dry transportation, causes excessive stress. High 
cortisol levels of L. calcarifer during transport are thought to be due the possibility that 

concentration used on dry transportation is less effective, so fish become conscious fast 
and L. calcarifer don’t have breathing apparatus that can help when the environment 
oxygen level is low. The metabolism of aware fish will increase and oxygen demand for 
respiration will also increase, so that if the oxygen availability for fish is low, then the fish 
will gradually weaken and then death will occur (Abid et al 2014). Oxygen consumption is 
an indicator of respiration that also shows energetic metabolism. The rate of L. calcarifer 
oxygen consumption is high 0.71 mg O2/g hour (Kadek 2013). 
 
Conclusions. Studies have shown that dry transportation has a lower survival rate than 
wet transportation, which can be seen from high cortisol levels during transportation. 
Therefore, dry transportation requires attention to the species of fish used. 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerd%C3%A1-Reverter%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=9748089
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