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 Sea bass is one of the most important 
aquaculture species in Indonesia.  Transportation 
of sea bass fingerling is an important consideration 
as it can be costly.  Closed transportation systems 
are reported to be more profitable than open systems 
due to their higher efficiency, by carrying more 
fingerlings and by covering longer distances 
(Junianto, 2003).  According to Ross and Ross (2008), 
problems encountered in transportation include 
the occurrence of fish stress caused by fluctuating 
temperature and water chemical content.  Fish stress 
can be evaluated by measuring hematological 
parameters such as serum cortisol and blood glucose 
levels (Kubilay and Ulukoy, 2002).  Cortisol is

a benchmark for determining stress levels and 
reflects a key mechanism of allostatic control of 
physiological stress. Plasma cortisol is an important 
marker used to assess mediators of allostatic loading 
(McEwen and Wingfield, 2010).  Determining stress 
by cortisol level has been carried out in many fish 
species such as Atlantic cod, Gadus morhua (King 
and Berlinsky, 2006) and zebrafish, Danio rerio 
(Ramsay et al., 2006).

 In addition to increases in plasma cortisol, 
stress typically causes increases in plasma glucose. 
Catecholamine triggers an increase of glycogenolysis, 
while cortisol triggers an increase of gluconeogenesis, 
which can cause glucose to increase (Begg and 
Pankhurst, 2004). 
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ABSTRACT

 The Asian sea bass is one of the most important marine aquaculture species in Indonesia. 
Transportation is often required for the distribution of sea bass fingerling, but this leads to stress on fish, 
as reflected by cortisol and blood glucose levels.  Stress in fish during transportation can be suppressed 
using anesthetic substances.  This study aims to determine the effectiveness of rubber seed extract as 
an anesthetic for Asian sea bass fingerling during transportation, with cortisol and blood glucose levels, 
and survival rate as indicators.  The treatments consisted of four concentrations of rubber seed extract 
(70 ppm, 80 ppm, 90 ppm and 100 ppm), 5 ppm clove oil as a positive control, and water without any 
anesthetic as a negative control.  Results show that rubber seed extract as an anesthetic material has 
a significant effect (p<0.05) in reducing cortisol and blood glucose levels at six hours of transport, with 
the optimal concentration of 90 mgL-1.  
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 Mor ta l i ty  of  f i sh  seed  caused  by  
transportation and post-transportation handling is 
generally high, often reaching 30-40 % (Sulmartiwi, 
2014).  This obstacle can be managed by using fish 
anesthetical techniques.  Currently, the chemicals 
MS-222 (Tricaine methosulfate) and Quinaldine 
(2-4 Methylquinoline) are used as commercial 
anesthetics for transporting fish (Ross and Ross, 
2008).  An alternative source of anesthetics is from 
natural substances, e.g, clove oil, which can be 
much cheaper than synthetic chemicals (Velisek 
et al., 2005).  Another natural substance which has 
potential for use as an anesthetic is from the seed 
of the rubber tree, Havea brasiliensis.  The major 
component (17.14 %) of H. brasiliensis seeds is the 
alkaloid linamarin (Selmar et al., 1986).  Alkaloid 
compounds in rubber seeds have pharmacological 
properties as anesthetics (Madziga et al., 2010). 
Alkaloids transmit nerve impulses (conduction 
blockade) by inhibiting the Na+ ion delivery through 
the gates of the Na+ ion-selective membranes of 
nerves.  The failure of the permeability of the Na+ 
ion gate to reduce the depolarization velocity can 
result in the potential threshold not being achieved. 
This prevents the action potential from being 
completed (Madziga et al., 2010).  Research on the 
effects of rubber seed extract as an anesthetic during 
transportation of Asian sea bass fingerling has not 
previously been reported.  Thus, this study was 
conducted to determine the effects of rubber seed 
extract on stress and survival of Asian sea bass 
fingerling and the optimal concentration to be used 
during transportation.

Rubber seed extraction
  
 Ten kg of rubber seeds obtained from the 
company CV.  Alam Lestari were dried and ground 
with a blender, yielding 568 g of dry rubber seed 
powder.  Then, 500 g of the powder was macerated 
with one liter of ethanol for 24 h; during maceration 
the mixture was stirred several times.  The supernatant 
from the maceration process was evaporated with 
a rotary vacuum evaporator at 70 ºC with a speed 
of 50 rpm.  This separated the rubber seed extract 
from the ethanol (Wildan et al., 2013).

Concentration determination 
  
 Preliminary experiments tested eight 
concentrations of the rubber seed extract tested (100 
ppm, 150 ppm, 250 ppm, 350 ppm, 450 ppm, 550 ppm, 
650 ppm and 750 ppm) on fingerlings similar in size 
to those used in this study; a concentration of 100 ppm 
gave the highest survival rate (100 %).  Therefore, the 
concentrations used in this study were 70 ppm, 80 
ppm, 90 ppm and 100 ppm.  According to Hanggono 
(2006), a safe concentration of clove oil is 5 ppm or less.

Experimental procedure
 
 Asian sea bass fingerlings (TL 10 cm, weight 
18.46±2.16 g) were obtained from Balai Penelitian 
Budidaya Air Payau (BPBAP) or Brackishwater 
Aquaculture Research Institute located in Situbondo 
Regency, East Java Province.  Fish were selected 
based on the desired size for transportation.  Fish 
health status was determined by visually inspecting 
fish for external deformities and parasites or signs of 
fungal diseases.  Fish were starved for one day before 
the experiments to reduce metabolic activity and 
excretion during transportation.

 Rubber seed extract (RSE) and clove oil 
treatments were prepared based on the concentrations 
previously mentioned, with three replicates per 
treatment.  Ten sea bass were packed in each plastic 
bag filled with 2 L of water with the designated 
concentration of anesthetic substance, and packed 
with oxygen following the procedures of World 
Wildlife Fund (2015).

 In order to avoid error and stress of the 
fish during transport trials, sampling and repacking, 
two sets of experimental fish were prepared: one 
set (with 6 treatments and 3 replicates) for 6 h of 
transportation, and another set (with 6 treatments 
and 3 replicates) for 12 h of transportation.

 Sedated fish in the plastic bags were 
observed before placing the bags in styrofoam boxes 
for transportation.  The styrofoam boxes were filled 
with ice cubes to maintain a temperature between 
21-22 °C (Lim et al., 2003).  Transportation of fish 
was carried out in the afternoon to avoid a significant 
air temperature change at midday.

MATERIALS AND METHODS
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Blood sampling
  
 Blood samples were taken to determine 
cortisol and glucose levels at four times: pre-
transportation, at 6 h during transport, at 12 h 
during transport, and post-transportation (1 h after 
transportation).  Blood samples were taken from the 
caudal fin (Hanley et al., 2010) using 1 mL syringe. 
Each blood sample was put in a plain 5 mL vacuum 
tube and left at room temperature for one hour for 
the separation of the serum and red blood cells. 
The blood serum was stored at -20 ºC (Sink et al., 
2008).

Cortisol levels
  
 Cortisol levels in the blood samples were 
measured by non-competitive type enzyme-linked 
immunosorbent assay (ELISA) (Fish ELISA Kit; 
BT Laboratory, Shanghai Crystal Day Biotech 
Company, China) (Salavati et al., 2018).

Glucose levels
  
 Glucose levels in the blood samples were 
measured using Blood Glucose Monitoring System, 
Lifescan Europe (One Touch Ultra, Johnson and 
Johnson) (Eames et al., 2010).

Survival rate

 Sea bass survival rates for treatment and 
control groups were determined at 6 and 12 h of 
transportation, and after fish were exposed to clean 
water with aeration for one hour (post transport).

Data analysis 
 
 Data were analyzed with analysis of 
variance (ANOVA) to determine the effect of 
treatments on research variables.  Duncan’s multiple 
range test (DMRT) was further used to determine 
differences between treatments.
  

Cortisol levels

 The mean cortisol level in fish before 
transportation was 359.35 µgdL-1.  After 6 h of 
transportation, cortisol increased by 1.5 % (364.79
±2.53 µgdL-1) in the negative control, while it 
decreased in fish transported with various anesthetic 
treatments (Table 1).  The greatest decrease in 
cortisol was exhibited by fish transported in water 
treated with 90 ppm of RSE (42.3 %), followed by 
those in 5 ppm clove oil (38.3 %), 80 ppm of RSE 
(37.8 %), 70 ppm RSE (36.3 %), and 100 ppm RSE 
(33.7 %).  The effect of rubber seed extract on fish 
was highly significant at 90 ppm.  Treatments with 
5 ppm clove oil and 70-80 ppm RSE had similar 
effects on cortisol levels of the experimental fish.

 After another 6 h of transportation (12 h), 
the levels of cortisol in experimental fish increased 
by at least 50 %, while in the negative control 
cortisol decreased by 1.4 % (349.74± 10.00 µgdL-1). 
The cortisol levels at 12 h were slightly lower than 
the pre-transportation levels (from 2.7 to 9.8 % less), 
except for those in 100 ppm RSE, for which cortisol 
was 5 % higher.

 One hour post transportation, the levels 
of cortisol in all treatments except the negative 
control were 0.9 to 2.8 % higher than the original 
level, i.e., prior to transportation.

Glucose levels

 Table 2 shows the blood glucose levels of 
sea bass fingerlings in various anesthetic treatments 
at various stages of transport.  The glucose level 
in fish before transportation was 116 mgdL-1, and 
increased by 14.9 % (133.33±6.11 mgdL-1) after 
6 h in the negative control, while glucose decreased 
in all fish groups transported with anesthetic.  The 
greatest decrease in glucose level was exhibited 
by fish in the 90 ppm RSE treatment (37.63 %), 
followed by those in 5 ppm clove oil (31.9 %), 
80 ppm RSE (27.0 %), 70 ppm RSE (22.1 %), and 
100 ppm RSE (15.5 %).  The glucose levels for 90 
ppm RSE and 5 % clove oil were not significantly 
different (p>0.05).

RESULTS
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 After  another 6 h,  i .e . ,  at  12 h of  
transportation, the levels of glucose increased by 
7.5 % (143.00±5.56 mgdL-1) in the negative 
control fish, by 53.6 % (121.33±13.57 mgdL-1) 
in 5 ppm clove oil, and by 46 % to 62 % in RSE 
treatments.  There was no significant difference 
among treatments of clove oil and RSE from 70 
ppm to 90 ppm.  All of the glucose levels at 12 h 
of transportation were higher than the level before 
transportation.

 One hour post transportation, the glucose 
levels in all treatments were higher than the pre-
transport level, except for 5 ppm clove oil.

 After 6 h of transportation, rubber seed 
extract and clove oil caused a decrease in cortisol

and glucose levels in sea bass, at varying levels 
according to concentration.  The effect of 5 ppm 
clove oil on cortisol levels was not significantly 
different from the effect of 70-80 ppm RSE, 
while for glucose, the effect of clove oil was not 
significantly different from that of 70-90 ppm 
RSE.  The fish were still considered to be in good 
condition at 6 h, since no mortality was observed.

Survival rate
 
 All fish survived after 6 h transportation 
in all treatments.  After 12 h of transportation, 
the only mortality observed was at the highest 
concentraton of RSE (100 ppm), with a survival rate 
of 93±0.57 %. No further mortality was observed 
during the post-transportation period. 
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 Table 1. Cortisol levels (µgdL-1) of Asian sea bass treated with rubber seed extract (RSE) at four concentrations 
 and 5 ppm clove oil, measured before, during and after transport. 

 Table 2. Glucose levels (mgdL-1) of Asian sea bass treated with rubber seed extract (RSE) at four concentrations 
 and clove oil (5 ppm), measured before, during and after transport. 

        Treatment

K- (no treatment)

K+ (clove oil, 5 ppm)

P1 (RSE, 70 ppm)

P2 (RSE, 80 ppm)

P3 (RSE, 90 ppm)

P4 (RSE, 100 ppm)

Pre- 
Transportation

359.35

Post-
Transportation

359.02±11.07a

362.55±3.37a

363.51±4.83a

365.75±2.53a

368.63±4.40a

369.59±4.19a

6 h

364.79±2.53d

221.64±1.92b

229.01±1.99bc

223.56±0.96b

207.23±2.88a

238.29±11.85c

12 h

349.74±10.00b

331.80±8.92ab

343.33±11.46bc

335.97±2.88bc

324.12±3.37a

377.28±2.53d

Cortisol (µg•dL-1) (mean±SD)

Note: Means±SD in the same column with different superscripts are significantly different (p<0.05).

        Treatment

K- (no treatment)

K+ (clove oil 5 ppm)

P1 (RSE, 70 ppm)

P2 (RSE, 80 ppm)

P3 (RSE, 90 ppm)

P4 (RSE, 100 ppm)

Pre- 
Transportation

116.00

Post-
Transportation

114.33 ±9.07a

116.00 ±4.58a

116.66 ±3.05a

119.00 ±9.16a

121.33 ±3.21a

123.33 ±4.04a

6 h

133.33±6.11d

79.00 ±6.24ab

90.33±7.09bc

84.66±6.65b

72.33±6.80a

98.00±3.00c

12 h

143.00±5.56bc

121.33±13.57a

132.00±4.00ab

125.33±3.51a

117.00a±5.56a

158.00±14.73c

Glucose levels (mg•dL-1) (mean±SD)

Note: Means±SD in the same column with different superscripts are significantly different (p<0.05).
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 This research shows that rubber seed 
extract reduces stress levels of sea bass during 
transport, as evidenced by the decrease in cortisol 
and glucose levels after 6 h of transportation. 
According to Ortuño et al. (2001), the normal 
cortisol level in gilthead seabream is approximately 
358 µgdL-1 and normal blood glucose level is about 
112 mgdL-1 (Ortuño et al., 2002).  In this study, 
the pre-transportation levels of cortisol and glucose 
in the Asian sea bass were 359.35 µgdL-1 and 116 
mgdL-1, respectively, quite similar to the normal 
levels cited above.

 Rubber seed extract worked as an anesthetic 
during transportation of fish by inhibiting the release 
of catecholamine and corticosteroid hormones, so 
that there was a decrease in cortisol and glucose 
levels in fish.  These pharmacological properties 
are due to alkaloids present in the rubber seed. 
Septiarusli et al. (2012) reported that the use of 
anesthesia aims to supress metabolic activity as 
well as reduce stress risk; the use of rubber seed 
extract provides these effects.

 After 12 h of transportation, the cortisol 
and glucose levels increased in all treatments, 
although no mortalities were observed except in 
fish transported in 100 ppm RSE. Lisdiana (2012) 
stated that stress levels increase adrenocorticotropic 
hormone (ACTH) secretion, elevating the level of 
cortisol, which is a stress hormone regulated by the 
release of corticotropin releasing factor (CRF).  CRF 
stimulates the pituitary gland to release a variety 
of adrenaline hormones.  Strong stress signals are 
received by the hypothalamus, which increases 
CRF release, pituitary stimulation and secretion of 
cortisol by the adrenal gland.

 Fish with 90 ppm RSE showed the lowest 
cortisol level among treatments and controls at 
12 h of transportation, and the fish were still in 
a calm condition.  This suggests that the anesthetic 
material in the media was still able to affect the 
nervous system.

 Fish in 100 ppm RSE showed excessive 
signs of stress from the anesthesia at 12 h.  In addition, 

the cortisol level in this group at 6 h was highest 
among the treatments; at 12 h, the level increased 
significantly further and exceeded the pre-transport 
level.  Increased cortisol indicates that fish in 100 
ppm RSE experienced stress, and this was also 
reflected by 7 % mortality after 12 h of transportation.  
Rubber seed extract has several compounds that 
can have negative physiological impacts to fish, and 
if their concentrations are too high, they can cause 
stress.  Selye (1936) reported that chemical changes 
in blood occur between 6 and 48 h after fish are 
anesthesized, as was the case in the increase in 
cortisol we observed at 12 h of transport.

 Post transportation, the negative control 
group (without rubber seed extract) showed the 
lowest cortisol levels at 359.02 µgdL-1, while for 
treatment groups, cortisol level increased with 
RSE concentration.  Higher concentrations of 
the anesthetic may cause greater absorption of 
stress-causing compounds, and their effects were 
still apparent even after one hour in clean water 
following transportation.  This is in accordance 
with the findings of Tampubolon (2012), wherein 
greater concentrations of anesthetic extract given 
to fish resulted in increased amounts of the active 
ingredients in the circulatory system.

 It was also observed that cortisol and 
glucose levels increased in parallel across treatments. 
Glucose levels are affected by cortisol levels, as 
explained by Martinez-Porchaz et al. (2009), who 
stated that stress hormones associated with cortisol 
increase glucose production in fish through the 
process of glucogenesis and glycogenolysis to meet 
energy needs caused by the stressors.  In this study, 
at 6 and 12 h of fish transportation, the treatment 
with 90 ppm RSE showed the lowest glucose level 
among all the treatments, whereas the highest 
glucose level was with 100 ppm RSE.  In the post-
transportation period, the lowest glucose level 
was found in fish transported in non-treated water 
(negative control), while the highest level was again 
found for 100 ppm RSE.  Increased concentrations 
of circulating glucocorticoids are induced by stress 
(Li et al., 2009), wherein glucocorticoid increases 
with elevated stress levels, resulting in increased 
blood glucose levels to cope with high energy needs 
during stress. 

DISCUSSION
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 Rubber seed extract used as an anesthethic 
during transportation of sea bass at all concentrations 
tested affected cortisol and blood glucose levels, 
whereas survival rate was only affected at 100 ppm. 
Based on this study, the optimum conditions during 
transport for Asian sea bass to effect the least stress, 
i.e., lowest cortisol and glucose levels, are to use 
90 ppm of rubber seed extract in transport water 
and limit transportation time to six hours.  However, 
if the cost of the rubber seed extract is high, 
a concentration of 70 ppm may be more appropriate. 
This concentration reduced cortisol and glucose 
levels by 36.3 % and 22.1 % after 6 h, respectively, 
and at post-transportation, both levels were lower 
than for 90 ppm RSE.

 The use of rubber seed extract as an 
aenesthethic during fish transport affects cortisol 
levels, blood glucose levels, and survival rate of 
Asian sea bass.  The greatest reduction in cortisol and 
glucose was observed at 90 ppm RSE.  It is worth 
looking further at the economic implications of the 
use of rubber seed extract, and whether using 70 ppm 
is more cost-effective.  Further research also needs to 
be done on the effects of rubber seed extract between 
6 and 12 h of transportation of Asian sea bass.

 Thanks to the Government Research Center 
for Marine Aquaculture, Situbondo (BPBAP) for 
fish and facilities provided, and to the Anatomy 
Laboratory and Microbiology Laboratory, Fisheries 
and Marine Faculty, Airlangga University Surabaya 
for facilities provided.

Begg, K. and N.W. Pankhurst. 2004. Endocrine 
 and metabolic responses to stress in a 
 laboratory population of the tropical 
 damselfish Acanthochromis polyacanthus. 
 Journal of Fish Biology 64: 133-145. 
 DOI: 10.1111/j.1095-8649.2004.00290.   

Eames, S.C., H.P. Louis, E.P. Victoria and D.K. 
 Mary. 2010.  Blood sugar measurement 
 in Zebrafish reveal dynamic of glucose 
 homeostasis.  Zebrafish 7(2): 205-213. 
 DOI: 10.1089/zeb.2009.0640.
Hanggono, B. 2006.  Application clove oil as an 
 anesthetic for sea bass (Lates calcarifer 
 Bloch).  Jurnal Perikanan Indonesia 8: 
 9-16.
Hanley, C.S., V.L. Clyde, R.S. Wallace, J. 
 Paulmurphy, T.A. Patterson, N.S. Keuler 
 and K.K. Sladky. 2010.  Effects of 
 anesthesia and surgery on serial blood gas 
 values and lactate concentrations in yellow 
 perch (Perca flavescens), walleye pike 
 (Sander vitreus), and koi (Cyprinus carpio). 
 Journal of the American Veterinary 
 Medical Association 236: 1104-1108.
Junianto. 2003.  Fish Handling Engineering. 
 Penebar Swadaya, Jakarta, Indonesia. 58 pp.
King, W. and D.L. Berlinsky. 2006.  Whole-
 body corticosteroid and plasma cortisol 
 concentration in larval and juvenile Atlantic 
 Cod Gadus morhua L. Folowing acute
 Stress.  Aquaculture Research 37(13): 
 1282-1289.
Kubilay, A. and G. Ulukoy. 2002.  The effect of 
 acute stress on rainbow trout (Oncoryncus 
 mykiss).  Turkey Journal Zoology 26(2): 
 249-254.
Lim, L.C., P. Dhert and P. Sorgelos. 2003.  Recent 
 developments and improvements in 
 ornamental fish packaging system for air 
 transport.  Aquaculture Research 34: 
 923-935.
Li, P., B. Ray, I.I.I.D.M. Gatlinn, T. Sink, R. Chen 
 and R. Lochmann. 2009.  Effect of handling 
 and transport on cortisol response and 
 nutrient mobilization of golden shiner, 
 Notemigonus crysoleucas.  Journal of the 
 World Aquaculture Society 40: 803-809. 
Lisdiana. 2012.  Regulation of cortisol in stress 
 and addiction.  Biosaintifika Journal of 
 Biology and Biology Education 4(1): 19-
 26. DOI: 10.15294/biosaintifika.v4i1.2264.
Madziga, H.A., S. Sanni and U.K. Sandabe. 2010. 
 Phytochemical and Elemental Analysis 
 of Acalypha wilkesiana Leaf. Journal of 
 American Science 6: 510-514.

83

CONCLUSION

ACKNOWLEDGEMENTS

LITERATURE CITED



84 JOURNAL OF FISHERIES AND ENVIRONMENT 2021, VOLUME 45 (1)

Martinez-Porchaz, M.P., L.R.M. Cordova and R.R. 
 Enriquez. 2009.  Corticol and glucose: 
 riable indicators of fish stress?.  Journal 
 American of Aquatic Sciences 4: 158-
 178.
McEwen, B.S. and J.C. Wingfield. 2010. What’s 
 in a name? Integrating homeostasis, 
 allostasis and stress.  Hormones and 
 Behavior 57(2): 105-111.
Ortuño, J., M.A. Esteban and J. Meeguer. 2001. 
 Effects of phenoxyethanol on the innate 
 immune system of gilthead seabream 
 (Sparus aurata L.) exposed to crowding 
 stress.  Veterinary Immunology and 
 Immunopathology 89: 29-36.
Ortuño, J., M.A. Esteban and J. Meeguer. 2002. 
 Effects of short-term crowding stress on 
 the gilthead seabream (Sparus aurata L.) 
 innate immune response.  Fish and 
 Shellfish Imumunology 11: 187-197. 
 DOI: 10.1006/fsim.2000.0304
Ramsay, J.M., G.W. Feist, Z.M. Varga, M. 
 Westerfield, M.L. Kent and C.B. Schreck. 
 2009.  Whole-body cortisol response of 
 zebrafish to acute net handling stress.  
 Aquaculture 297(1-4): 157-162.
Ross, L.G. and B. Ross. 2008.  Anesthetic and 
 Sedative Techniques for Aquatic Animal, 
 3rd ed.  Blackwell Publishing, London. 
 219 pp.
Salavati, S., A. Mogheiseh, S. Nazifi, A.S. Tabrizi, 
 P. Taheri and F. Koohi. 2018.  Changes in 
 sexual hormones, serotonin, and cortisol 
 concentrations following oral treatment 
 of melatonin in castrated and intact dogs. 
 Journal of Veterinary Behavior 27: 27-
 34.
Selmar, D., R. Liberei, B. Biehl and J. Voigt. 
 1987. Havea Linamarase-A Nonspecific 
 β-Glycosidase.  Journal Plant Physiology 
 83: 557-563.
Selye, H. 1936.  A syndrome produced by diverse 
 nocuous agents. https://www.ncbi.nlm.
 nih.gov/pubmed/9722327.  Cited 26 Jan 
 2019.

Septiarusli, I.E., K. Haetami, Y. Mulyani and D. 
 Danar. 2012.  Potential of secondary 
 metabolite compounds from keben 
 (Barringtonia asiatica) seed extract in 
 the anesthesia process of tiger grouper 
 (Ephinephelus fuscoguttatus).  Jurnal 
 Perikanan dan Kelautan 3: 295-299.
Sink, T.D., R.T. Lochmann and K.A. Fecteu. 2008. 
 Validation use and disadvantages of enzim-
 linked immunosorbent assay kits for 
 detection of corticol in channel catfish, 
 largemouth bass, red pacu and gold shiners. 
 Fish Physiology and Biochemistry 34(1): 
 95-101. DOI: 10.1007/s10695-007-9150-9.
Sulmartiwi, L. 2014.  Potential Essential Oil of 
 Bandotan (A. conyzoides L.) as Reducing 
 Substance Stress in Technology Transport 
 Koi Fish (C. carpio L.).  Disertasi, Fakultas 
 Sains dan Teknologi, Universitas Airlangga, 
 Surabaya. 1 p.
Tampubolon, R.S. 2012.  Application of Imotilization 
 Technique Using Macropomum Cuvier 
 in Closed Transportation Systems with 
 Stocking Solids 43, 86 dan 129 ekor/
 liter.  Skripsi, Fakultas Teknologi dan 
 Manajemen Akuakultur, Institut Pertanian 
 Bogor, Bogor, Indonesia. 53 pp.
Velisek, J., Z. Svobodova and V. Piackova. 2005. 
 Effects of clove oil anaesthesia on 
 rainbow trout (Oncorhynchus mykiss).  
 Acta Veterinaria Brno 74: 139-146.
Wildan, A., I.A. Devina, H. Indah and Widayat. 
 2013.  Oil extraction process from 
 rubber seed solid waste with stirred 
 extraction method.  Momentum. https://
 publikasiilmiah.unwahas.ac.id/index.php/
 MOMENTUM/article/view/841.  Cited 
 23 May 2019.
World Wildlife Fund (WWF) Indonesia. 2015.  Sea 
 bass cultivation in floating net cage 
 systems, 2nd ed.  Better Management 
 Practices: Seri Panduan Perikanan Skala 
 Kecil. https://www.wwf.or.id/?44702/
 BMP-Budidaya-Ikan-Kakap-Putih.  Cited 
 23 May 2019.


