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Introduction
One of the main problems of the tiger shrimp aquaculture is 

the presence of mass mortality due to disease attack [1]. The disease 
considered as a serious problem has been caused by pathogenic bacteria 
infection from vibrio genus, especially V. harveyi [2]. This bacterium 
infects almost all cultivated marine organisms such as crustacean, 
mollusca and fish [3]. Crustacean including shrimp, crab, lobster and 
artemia, is very susceptible to this opportunistic pathogenic bacterium 
[4-10]. V. harveyi is also well known as a bacterial pathogen in almost 
all cultured marine fish species [11,12].

The prevention and control efforts of vibriosis have been carried 
out by maintaining adequate water quality with low bacterial biomass, 
sterilizing or filtering recirculated water together with routine 
monitoring of shrimp and ponds for early diagnosis of problems. 
Besides that, the most common methods carried out to overcome the 
problems were by using chemicals, such as formalin and malachite 
green as well as antibiotics, such as chloramfenicol, oxytetracyclin and 
prefuran [13]. Since the bactericides residue can be accumulated in 
water effecting shrimp quality and be harmful to consumer [14], cause 
resistance on bacteria and decrease the aquatic environmental quality, 
these treatments have become less effective. Based on the problems, 
some researchers have attempted other alternative methods to control 
the diseases.

One of method which can be applied is the use of natural bioactive 
compounds with a broad spectrum without dangerous side effect. 
Several species of sponge such as Geodia sp. [3], Dendrillanigra [15], 
Gracillaria verrucosa [16], and Aaptos aaptos [17] were reported to 
contain bioactive compounds which are able to inhibit the growth 
of Vibrio harveyi, the causative agent of vibriosis. Halimeda opuntia 
was also proved to have an antibacterial activity against V.harveyi 

[18]. Several species of mangrove have been also used for vibriosis 
prevention such as Avicennia marina and Sonneratia caseolaris [19,20]. 
Kopasanda (Chromolaena odorata L.) is one of mangrove associates 
which can be used for multiple purposes. Extract of C. odorata leaves is 
able to treat injured skin and restrain blood. Besides, its root is obtained 
to have antipyretic activity and function as anesthesia drug and flower 
is used as insecticide. The ability of C. odorata leaves to treat a variety of 
diseases is caused by its active compounds such as flavonoids, alkaloids, 
tannins, and phenolic [1,21,22]. Nevertheless, potential of C. odorata 
for controlling of V. harveyi has been not reported yet. In the present 
paper, we reported the antibacterial activity of C. odorata methanol 
extract against V. harveyi and its toxicity on tiger shrimp P. monodon.

Materials and Methods
V. harveyi strain and medium 

V. harveyi used was collection of Research Institute of Coastal 
Aquaculture (RICA), Maros, South Sulawesi, Indonesia. Prior to 
testing, a loopful of Vibrio harveyiinoculums was zigzag streaked on 
TCBSA (Thiosulfat Citrate Bile Sucrose Agar) and incubated for 24 
hours at 28°C. One colony of the bacterium growth was sub-cultured 
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Abstract
Vibriosis caused by Vibrio harveyi is still being a serious bacterial disease problem in the black tiger shrimp 

Penaeus monodon aquaculture. Due to this disease, the mortality of tiger shrimp post larvae can reach 100%. 
Attempt has been made for this bacterial disease prevention by using mangrove associates secondary metabolites. 
This study aims to determine potential of kopasanda (C. odorata L.) leaves as natural antibacterial against Vibrio 
harveyi. Potential study was carried out by determinination of the best solvent used to extract the bioactive secondary 
metabolites of kopasanda leaves, determination of minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC). Toxicity study was also done by using soaking method to determine the save concentrations of 
C. odorata leaves on tiger shrimp post larvae. C. odorata leaves was extracted with methanol to extract all the active 
components, then, partitioned into n-hexane, ethyl acetate, methanol and aqueous extract. The highest antibacterial 
activity against V. harveyi was shown by methanol extract. The results suggest that C. odorata leaves have a 
potential to be developed as a raw material source for vibriosis prevention. It is due to its strong anti-vibrio activity 
showed by the low MIC and MBC of 0.625 and 1.250 mg/ml, respectively. Furthermore, the methanol extract did not 
show any toxicon tiger shrimp (P. monodon) post larvae up to 2.500 mg/ml.
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the minimum inhibitory concentration obtained namely; 0 × MIC, 0.5 
× MIC (0.313 mg/ml), 1 × MIC (0.625 mg/ml), 2 × MIC (1.25 mg/ml), 
4 × MIC (2.5 mg/ml), 8 × MIC (5 mg/ml), and 16 × MIC (10 mg/ml). 

Toxicity test of methanol extract on tiger shrimp P.monodon 
post larvae

Toxicity (bioactive) of the most active extract was monitored by 
tiger shrimp P.monodon post larvae based on procedure previously 
described by Rosmiati [17]. The most active extract was dissolved in 
sterilized seawater. Prior to starting of experiment, post larvae were 
acclimatized in the temperature controlled wet laboratory and reared 
for 7 days to be 14 days of post larvae (PL-14). The post larvae that were 
free of white spot (based on PCR test) and that were +1 cm in length 
size were selected. Twenty of post larvae were exposed with C.odorata 
leaves active methanol extract at the concentrations of 0 × MIC 
(control treatment), 0.5 × MIC (313 ppm), 1 × MIC (625 ppm), 2 × 
MIC (1250 ppm), 4 × MIC (2500 ppm), 8 × MIC (5000 ppm), and 16 × 
MIC (10000 ppm) in triplicate in 2 L sterilized sea water (30 ppt)) using 
glass containers provided with gentle, continuous aeration. During the 
study, the post larvae were fed with commercial feed at 10% of body 
weight two times a day (06:00 and 18:00). Feed residue and feces were 
removed by siphoned out. The enumeration of mortality/survivability 
was performed at hours 1, 3, 6, 9, and 12 and every 24 hours until seven 
days of rearing.

Histophatological observation

To determine any adverse effect of the extracts after seven days, 
three post larvae from each experiment were harvested and fixed in 
a 10% buffered formalin solution for fixation and were subjected to 
standard histology processing and procedures as described by Zhang, 
[27] and Maftuch [28] with some modification.

Results and Discussions
In this study, ethyl acetate, methanol and aqueous extract of C. 

odorata leaves were found to give the antibacterial activity against 
V. harveyi (Figure 1). The highest antibacterial activity was shown 
by methanol extract with the inhibition zone of 19 mm, followed by 
ethyl acetate and aqueous extract with the inhibition zone of 9 and 
7 mm, respectively. Meanwhile, its n-hexane extract did not show 
any antibacterial activity against V. harveyi. The strong antibacterial 
showed by methanol extract was suspected due to the presence of 
polar compounds such as flavonoids and alkaloids. As reported, 
C. odorata leaves contain bioactive compounds such as flavonoids, 
alkaloids, tannins, and phenolic which can be used for a variety of 
diseases [1,21,23]. The antibacterial activity is interpreted as follow; 
the diameter of inhibition zone>15.0 mm – strong; 10.0 to 14.5 mm – 
moderate and <10 mm – weak [28-30]. The inhibition zone exhibited 
by C.odorata methanol extract against this bacterium was lower than 
that of streptomycine with the inhibition zone of 28 mm. Compared 

in 50 ml of nutrient broth medium (Sigma, FRG) and incubated for 4 
hours using a shaker at 150 rpm and 28°C to produce the density of 107 
CFU/Ml [23]. 

Sample of C. odorata

The leaves of C. odorata were collected from around pond area of 
Research Institute of Coastal Aquaculture (RICA), Maranak, Maros, 
South Sulawesi, Indonesia. Plant identification was conducted at Centre 
for Plant Conservation-Bogor Botanical Garden, Bogor, Indonesia, and 
herbarium specimen was deposited there and RICA. 

Extraction of C. odorata 

Leaves of C. odorata were cleaned and dried by using herbs dryer 
at temperature below 40°C. Fifty hundred gram of dried leaves was 
ground into powder form by grinder as described by Salosso and 
Jusmanindar [24] and repeatedly extracted with methanol at room 
temperature till the residue was colourless. The methanol extracts were 
filtered through Whatman No. 1 filter paper fitted in a Buchner funnel 
using suction and collected for concentration under reduced pressure 
by a rotary evaporator (Buchi type) to yield a dark gummy (81 g). 

Solvent partitioning of methanol extract

The methanol extract was added distilled water and solvent 
partitioned with n-hexane, ethyl acetate and methanol to give n-hexane 
(7.5 g), ethyl acetate (20.0 g), methanol (42.5 g) and aqueous extract 
(11.0 g). All the extracts were assayed against Vibrio harveyi as 
described below. The extract exhibiting a strong antibacterial activity 
was again evaluated toward V. harveyi to determine its minimum 
inhibitory concentration (MIC), minimum bactericidal concentration 
(MBC) and toxicity.

Antibacterial activity of C. odorata extracts against V. harveyi

The antibacterial activity of n-hexane, ethyl acetate, methanol, and 
aqueous extracts was tested by using agar well diffusion technique in 
Mueller-Hinton agar as described by Shekhan and Sabeeh Al-Hussaini 
[25]. 100 µl of bacterium inoculum were spread on Mueller Hinton 
agar.The filter paper discs (6 mm in diameter) were individually 
impregnated with 20 µl of the extracts (10 mg/ml), dried in a laminar 
air flow and then placed onto the agar plates previously inoculated with 
V. harveyi. The plates were incubated at 30°C for 24 h. The diameters 
of the inhibition zones were measured in millimetres. All the tests were 
performed in triplicate. Streptomycin was served as positive controls. 
The antibacterial activity is interpreted as follow; the diameter of 
inhibition zone>15.0 mm – strong; 10.0 to 14.5 mm – moderate and 
<10 mm – weak [26].

Determination of minimum inhibitory concentration (MIC) 

The minimum inhibitory concentration (MIC) of the most active 
extract (methanol extract) against V. harveyi was tested by using 
disc diffusion method as mentioned above. Two-fold dilution of the 
most active extract of C. odorata leaves from 10 mg/ml were be used 
to evaluate their minimum inhibitory concentration (MIC). The final 
concentrations were 10, 5, 2.5, 1.25, 0.625, 0.313, and 0.156 mg/ml.

Determination of minimum bactericidal concentration 
(MBC)

The minimum bactericidal concentration (MBC) of the most active 
extract (methanol extract) against V. harveyi was also tested by using 
disc diffusion method as described above. Concentrations used to 
determine minimum bactericidal concentration (MBC) were based on 

DCBA

Figure 1: The antibacterial activity of n-hexane (A), ethyl acetate (B), methanol 
(C), and Aqueous (D) extract of C.odorata leaves against V.harveyi at the 
concentration of 10 mg/ml.
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to the antibacterial activity shown by butanol extract of marine 
sponge, Aaptos aaptos [17,26,31], the antibacterial activity displayed 
by C. odorata methanol extract was also lower. Nevertheless, methanol 
extract of this plant showed the higher antibacterial activity than that 
of sea grass, Halimeda opuntia extract [18] (Figure 1).

Furthermore, the MIC value shown by the most active methanol 
extract of C. odorata leaves was 0.625 mg/ml. The low MIC value 
indicated that C. odorata methanol extract was very potent against V. 
harveyi, the causative agent of Vibriosis (luminescence disease). As 
reported, extracts with the MIC value<1 mg/ml are considered to be 
strong active extract [29]. C. odorata has been reported as the source 
of several bioactive substances including antibacterial, antiplasmodic, 
antiprotozoal, antifungal, anti-hypertension, and anti-inflammation 
[32].

The bactericidal concentration showed by C. odorata methanol 
extract using paper disc diffusion was 1.250 mg/ml (2 × MIC). It was 
proved by the absence of V. harveyi growth on TCBSA medium after 48 
hours whilst, the concentration of 0.313 mg/ml (0.5 × MIC) had a stable 
antibacterial activity. It was different to C. odorata methanol extract at 
the concentration of 0.625 mg/ml (1 × MIC) in which the growth of V. 
harveyi was inhibited until 24 hours thereafter, the bacterium had again 
grown after 48 hours.

As previously reported, methanol extract of C. odorata leaves 
contains flavonoid showing antimicrobial activity [21,31]. Flavonoid 
is a substance group of phenol derivates which has a function to 
prevent body from microbes, insects and herbivores. Furthermore, 
reported that flavonoid shows the important biological activity used in 
bacteriology, pharmacology and medical due to its bactericidal activity 
[33]. The presence of hydroxyl (OH) functional group in flavonoid 
will increase the antibacterial activity [34]. The existence of carbonyl 
group (C=O) functional group also influences on the antibacterial 
activity. The antibacterial activity shown by flavonoid is through direct 
interaction to enzymes via hydrogen bonding [34]. As bactericidal 
compound, flavonoid disturbs cytoplasm membrane function. The 
presence of H+ ion in phenol and its derivatives will attack polar group 
(phosphate group) causing phospholipid molecule of bacterium cell 
wall, then scattered to be glycerol, carboxylate acid and phosphate 
acid. In these forms, phospholipid is not able to prevent cytoplasm 
membrane form causing leak membrane and inhibited bacterium 
growth or died bacterium [35].

Mortality observation of tiger shrimp P. monodon pasca larvae 
treated with various concentrations of C. odorata leaves methanol 
extract after 168 hours of rearing period in toxicity test is shown in 
Figure 2.

Figure 2 shows that treatment of post larvae with various 
concentrations of C. odorata leaves methanol extract gave the different 
effect on mortality rate of the post larvae. The lowest mortality rate was 
exhibited by the post larvae treated with 0 ppm (control), followed by 
313, 625 and 1250 ppm with the mortality rate of 11.67, 13.33, 13.33 
and 15.00%, respectively. At the higher concentrations namely 2500, 
5000 and 10000 ppm, the mortality rate of the post larva drastically 
increased with the mortality of 61.70, 91.67 and 100%, respectively. At 
the concentration of 10000 ppm all post larvae treated were obtained 
died. It indicated this C. odorata leaves methanol extract at this 
concentration was very toxic on post larvae with the highest mortality 
(68.30%) occurred on 9 hours pasca treatment. 

The presence of mortality at the control (0 ppm) was suspected post 
larvae in stress condition and several post larvae treated could not be 

well adapted. Another factor causing the mortality was the existence of 
molting in which the molting post larva in a weak condition. As well 
known that tiger shrimp post larvae has a cannibalism characteristic 
in which the weak post larvae will be eaten by the others healthy post 
larvae (Table 1).

Statistical analysis (Table 1) on mortality rate of post larvae after 
168 hours of rearing showed that mortality rate of post larvae treated 
with methanol extract at the concentrations of 2500, 5000 and 10000 
ppm gave a significant difference compared to control (0 ppm) 
(P<0.05). Meanwhile, post larvae treated with methanol extract at the 
concentrations of 313, 625 and 1250 ppm showed a similar mortality 
effect to control (0 ppm). It indicated that these concentrations resulted 
in no any toxic effect on tiger shrimp post larvae. The high mortality 
occurred at the concentrations of 2500, 5000 and 10000 ppm was 
suspected to be due to the presence of an unpleasant smell and lather 
formation. The presence of an unpleasant smell will cause a reduced 
appetite. Meanwhile, the formation of lather will disturb the respiration 
process of post larvae.

Post larvae treated with various concentrations of methanol extract 
showed the different clinical sign response. Post larvae treated with the 
concentration of 10000 ppm on the first day displayed abnormality 
movement as often shown by the healthy post larvae namely the post 
larvae often swam to the surface thereafter, several time later (6 hours 
post treatment) post larvae upside-down and finally died. Mortality of 
100% was occurred on 12 hours post treatment of methanol extract at 
the concentration of 10000 ppm. It showed that at this concentration, 
methanol extract was very toxic on post larvae. The similar condition 
was also observed for post larvae treated with methanol extract at the 
concentrations of 5000 and 2500 ppm. Whilst, post larvae treated with 
methanol extract at the concentrations of 313, 625 and 1250 ppm 
displayed normal behavior such as normal swimming and increasing 
appetitive. 

Figure 2: Mortality of tiger shrimp Penaeousmonodon post larvae treated with 
various concentrations of C.odorata leaves methanol extract after 168 hours 
rearing period time.

Concentration (ppm) Mortality (%)
0 (kontrol)

313
625

1250
2500
5000

10000

11,67a

13,33a

13,33a

15,00a

61,67b

91,33c

100.00c

Note: Different word in the similar column shows the significant difference (P<0.05).
Table 1: Mortality statistic analysis of tiger shrimp post larvae treated with various 
concentrations of C.odorata methanol extract after 168 hours of rearing.
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Histological analysis on post larvae haepatopancreas treated with 
various concentrations of C. odorata leaves methanol extract is shown 
Figures 3a and 3b.

Histological analysis showed no any toxic effect or abnormal 
change on post larvae haepatopancreas treated with methanol extract 
at the concentrations of 313 ppm, 625 ppm and 1250 ppm compared 

to control (0 ppm) after 168 hours of rearing period time. Post larvae 
treated with methanol extract at the concentrations of 313, 625 and 1250 
ppm displayed the lumen containing a granular material and the lumen-
facing surface on the tubule was covered with a microvillus border. In 
addition, the tubular apex contained undifferentiated embryonic cells 
(E cells). R cells, B cells and F cells were also observed and F cells nuclei 
were larger than those of R cells, which characteristically contained 
numerous nuclei [36]. In turn, post larvae treated with methanol extract 
at the concentrations of 2500, 5000 and 10000 ppm showed abnormal 
change such as cell necrosis (N) and multifocal fat degeneration (D) 
causing the loss of B cell. Nevertheless, cell necrosis on the post larvae 
treated with methanol extract at the concentration of 5000 and 10000 
ppm was higher than that of 2500 ppm.

The observation result of water quality during this study showed 
that salinity, pH, temperature, and dissolved oxygen were suitable for 
the growth of tiger shrimp post larvae. Salinity, temperature, pH, and 
dissolved oxygen obtained were 27.50-29.04 ppt, 26.5-27.5°C, 7.50-7.86, 
and 6.65-8.00 mg/L, respectively. It indicated that the water quality did 
not give any effect on the mortality of post larvae. The mortality of post 
larvae was clearly caused by effect toxic of C. odorata leaves methanol 
extract. As previously reported that for the optimum growth post 
larvae need salinity of 15-25 ppt, pH of 8.0-8.5, temperature of 25-31°C 
and dissolved oxygen of 4-8 mg/ml [37].

Conclusion

Kopasanda (C. odorata) leaves have a potential to be developed as a 
raw material source for vibriosis prevention. It is due to its strong anti-
vibrio activity showed by the low minimum inhibitory concentration 
and minimum bactericidal concentration of 0.625 and 1.250 mg/ml, 
respectively. Furthermore, it did not give any toxic effect on tiger 
shrimp (Penaeousmonodon) post larvae.
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Figure 3a: Effect of C.odorata leaves methanol extract on haepatopancreas 
of post larvae treated with various concentarions: 0 ppm (A); 313 ppm (B); 625 
ppm (C); 1250 ppm (D). TB: Tubule lumen; E: Embryonic cell; B: Blasenzellen 
cell; R: Restzellen cell; F: Fibrillazellen cell. Haematoxylin and Eosin Staining, 
Magnification=40X.
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Figure 3b: Effect of C.odorata leaves methanol extract on haepatopancreas 
of post larvae treated with various concentarions: 2500 ppm (E); 5000 ppm 
(F); dan 10000 ppm (G).Cell Necrosis (N), multifocal fat degeneration (M). 
Haematoxylin and Eosin Staining, Magnification=40X continued.
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