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Abstract 
The use of herbs in treating diseases is getting attention in aquaculture practices. Methanolic extracts 
from three fresh local herbs were screened for the antioxidant, antibacterial and antifungal activities in-
vitro. The three selected herbs were Piper betle (betel), Curcuma longa (turmeric) and Etlingera 
coccinea (“tuhau”). The antioxidant activity analysis was done using the 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) free radical-scavenging activity. Antibacterial activity was screened using the disc-diffusion 
method using four types of marine pathogens which is the Vibrio species; V. alginolyticus, V. 
anguillarum, V. harveyi and Vibrio parahaemolyticus. The antifungal activity of the herbs was tested on 
a marine fungus, Fusarium moniliforme by dipping the fungus block into herbs’ extract and observed 
after 24 to 48h. Concentrations of 0, 20, 50 and 100 mg/mL were used for testing both antibacterial and 
antifungal activities. Highest antioxidant activity was found in betel (more than 50% of activity), 
followed by turmeric (20 – 40%), and tuhau (20 – 30%). Apart from betel, the other herbs have less than 
50% of activity. Betel also exhibited strong antibacterial activity (>14.0 mm), followed by a moderate 
activity of tuhau (10 – 14mm), and a weak activity of turmeric (<10mm). Meanwhile, for the antifungal 
activity, all herbs extract showed 100% inhibition where no mycelial growth was observed after dipping 
the fungus block into the extract. Screening of these herbs in-vitro showed that betel leaves gave the best 
results for the antioxidant, antibacterial and antifungal activity. 
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1. Introduction 
Medicinal plants have been used in mankind as a source of medicine centuries ago [1] The use 
of these medicinal plants as a basis for maintaining good health has been discovered in most 
developing countries [2]. Treatments of bacterial diseases with various medicinal plants have 
been safely used widely in organic agriculture, veterinary and human medicine [3] World 
aquaculture has grown rapidly in terms of production over the recent years and the intensive 
and stressful rearing conditions always result in the farmed fish being highly susceptible to 
different infectious diseases which is now the major problem in the aquaculture industry as it 
causes heavy economic losses [4] Due to the development of bacterial resistance to antibiotics 
and increasing popularity of medicinal plants has led researchers to investigate further the 
properties in medicinal plants [5]. 

Betel (Piper betle) is a perennial dioecious plant. Its leaves possess a strong and pungent 
aromatic smell and used widely especially in Asia as masticators [6]. Betel is commonly used in 
India and China as a traditional medicine and it treats bronchitis, asthma, cough and leprosy. 
This plant has digestive stimulant, carminative and aphrodicac properties [6]. 
Turmeric (Curcuma longa) is a perennial plant and is widely cultivated in Asia.7 In Indian 
traditional medicine, they practice the use of turmeric in curing biliary disorders, anorexia, 
coryza cough, diabetic wounds, hepatic disorder, rheumatism and sinusitis [8]. 
Tuhau, Etlingera coccinea and other members of the same genus are widely utilized as salad 
or used in traditional medicine in Borneo. Tuhau is normally consumed as pickles and as 
traditional remedy to cure stomach related pains such as stomach ache, food poisoning and 
gastric problems [9]. So far, less studies had been done on this plant.  
These three plants have similar compounds however the main and most active components of 
betel leaves are its oil; chavibetol and chavicol [10]. For turmeric, it is mostly dominated by 
curcuminoids and essential oils [11]. Meanwhile for Tuhau, the most abundant and volatile 
essential oil is borneol [12]. 
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Vibrios are Gram-negative bacteria where it takes form in a 
curved, rod-shaped. They are natural inhabitants in the marine 
environment. The transmission of this bacterial infections is 
commonly through the consumption of raw or undercooked 
shellfish or exposure of wounds to warm seawater [13]. In 
tropical marine environment, Vibrio harveyi is rampant and 
widely reported to cause vibriosis to marine fishes and other 
aquatic organisms [14]. 

Fusarium moniliforme is the most common fungi associated 
with humans and animal. It causes ear rot and stalk rot of corn 
and widespread of this fungus causes infection of corn kernels 
[15]. 

The local medicinal plants that are used in this present study 
are those that can be commonly found in Sabah, Malaysia. 
Among them are betel (Piper betle), turmeric (Curcuma 
longa) and tuhau (Etlingera coccinea).  

 
Table 1: Antioxidant, antibacterial and antifungal activities of selected medicinal plants 

 

Plant Extract Activity Result 

Betel 

Hot water, 
Cold ethanolic 

Antioxidant activity Extracts obtained had good antioxidant activities [16]. 

Aqueous, 
Ethanol 

Antibacterial activity 
Both types of extracts showed promising antibacterial activities 

towards tested pathogens [17]. 

Ethanol Antifungal activity 
Extracts showed antifungal activity against fish water molds with 

increased concentration [18]. 

Turmeric 

Methanol Antioxidant activity Extracts showed a dose dependant antioxidant activity [19].

Methanol Antibacterial activity 
Extracts showed antibacterial activity against various gram positive 

and gram-negative bacteria [20]. 

Aqueous, 
Ethanolic 

Antifungal activity 
Both types of extracts showed potent antifungal activity however 

aqueous extract showed better results [21]. 

Tuhau  Antibacterial activity 
Antibacterial activity of the essential oils inhibited all tested bacteria 

with MIC values less than 10µg/mL [12]. 

*MIC – Minimum Inhibitory Concentration 
 

Malaysia is among the countries that is blessed with the 
abundance of medical benefit plants [22]. Hence the present 
study was done to investigate the potential of local medicinal 
plants on its antioxidant, antibacterial and antifungal activity. 
 
Materials and Methods 
Preparation and Extraction 
Three different species of herbs were obtained freshly from 
Kota Kinabalu’s local market. For betel, the leaves were used 
while for turmeric, its rhizomes and for tuhau, its stems. The 
herbs were washed with sterilized distilled water and oven-
dried in the oven for 24 hours at 50 °C, shredded into smaller 
pieces and grinded into powder form using and electric 
blender (Panasonic MX-337, Malaysia) [23]. The powder form 
of herbs was stored in a zip-lock bag until further analysis 
was conducted. 
The extraction of herb was done by soaking 100g of the 
powdered herbs in 1000mL methanol solvent and stored in 
dark condition for 3 days at room temperature. After that, the 
extracts were filtered out using a sterile Whatman No. 1 filter 
paper and evaporated to dry using a rotary vacuum evaporator 
(Eyela, Japan). Its residue was collected, weighed and stored 
in sterile amber bottles at 4 °C until further analysis [24]. 
 

Antioxidant assay 
The total antioxidant activity of the test herbs was determined 
using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical test.25 
Butylated hydroxyl toluene (BHT) was used as the standard 
and distilled water as control. The herbs’ extracts were 
prepared to different concentrations ranging from 0.02-0.10 
mg/mL from the stock solution of 100 mg/mL. 4 ml of DPPH 
in methanol solution was added to the herb. Mixture was 
shaken thoroughly and let to stand in dark condition at 
standard room temperature for 30 minutes before it was 
inserted into the UV-Vis spectrophotometer for its absorbance 
reading. Methanol was used as blank. For standard, it was 
prepared exactly like the samples except without the extract. 
The absorbance of the resulted reaction was read at 517nm 
using a UV-Vis Spectrophotometer (HACH DR 5000 UV-Vis 

Spectrophotometer). 
Activity of DPPH radicals were determined in inhibition (I%) 
and calculated using the equation by Hassim et al. [26]. 
 
Inhibition, % = 

 
Absorbance (control) = Distilled water 
Absorbance (sample) = Sample absorption 
 
Table 2: The antioxidant activity was determined using the scale by 

Chua and Aminah [27]. 
 

Antioxidant activity range (%) Activity Status
0 Nil 

1 – 39 Low 
40 – 69 Moderate 

70 – 100 High 
 
Antibacterial assay 
Four marine bacterial strains of Vibrio species; Vibrio 
alginolyticus (ATCC 17749), Vibrio anguillarum (ATCC 
19264), Vibrio harveyi (ATCC 35084), Vibrio 
parahaemolyticus (ATCC 17802) obtained from American 
Type Culture Collection (ATCC) were used in the 
antibacterial assay. This assay was conducted using the disc-
diffusion method [28]. In this assay, Whatman No. 3 filter 
paper discs were impregnated with different concentrations of 
herb extracts at 0, 20, 50 and 100 mg/mL. Muller-Hinton 
Agar (MHA) was used for the disc-diffusion testing. A sterile 
cotton bud was used to streak the bacteria evenly on the 
medium to make a bacterial lawn for the assay. The 
impregnated paper discs (6mm in diameter) were then placed 
on the surface of the bacterial lawn. This assay was done in 
triplicates for all tested concentrations of herbs and bacteria. 
Kanamycin discs (OxoidTM) were used as the positive control 
meanwhile methanol as the negative control. The agar plates 
were then incubated at 28 °C for 24 hours and inhibition 
zones were measured to grade the results [28, 29]. 
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Table 3: Grading of result was done based on MacKeen et al. [30] 
 

- No inhibition zones 
+ Zone of inhibition < 10mm in diameter (Weak activity) 

++ 
Zone of inhibition between 10 – 14mm in diameter (Moderate 

activity) 

+++ 
Zone of inhibition between > 14mm in diameter (Strong 

activity) 
 
Antifungal assay 
The antifungal assay was done according to Borisutpeth et al. 
[31]. The fungal agar blocks were taken from vegetative colony 
and were submersed in petri dishes containing 20 mL of the 
different concentrations of herbs’ extract. After 1, 2 and 24 
hours, the fungal blocks were dipped in sterile seawater to 
rinse all the extracts out of the blocks. The fungal blocks were 
then inoculated onto a peptone-yeast-glucose-seawater 
(PYGS) agar and incubated for another 24 and 48 hours. 
Sterile seawater was used as a negative control where the 
fungal agar blocks were also submersed into it without the 
herbs’ extract. Growth of hyphae was monitored and 
compared to the control. The fungistatic activity shown by 
percentage of hyphal growth inhibitory was calculated using 
this formula: 

 
Inhibition, % = 

 
Results  
Antioxidant activity 
Antioxidant activity was tested at 5 concentrations which are 
0.02, 0.04, 0.06, 0.08 and 0.10 mg/mL using the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical test method. Figure 1 shows 
the percentage inhibition of DPPH of the three herbs at 
different concentrations and compared with different 
concentrations of the butylated hydroxytoluene (BHT). The 
highest percentage of inhibition was shown by betel where at 
0.10 mg/mL it was 94.79%. This was followed by turmeric 
with 42.27% at the highest concentration tested which 
indicates a low to moderate activity. Meanwhile, Tuhau has 
the lowest antioxidant activity with only 32.12% at 
0.10mg/mL. However, all three herbs have a pattern in which 
it the percentage of inhibition increases with the increase of 
concentration. Betel and turmeric has higher antioxidant 
activity compared to BHT while tuhau has lower antioxidant 
activity. 

 

 
 

Fig 1: Percentage inhibition of DPPH *Superscripts a and b denote significant differences among the treatments (P < 0.05, Duncan test) 
 

Antibacterial activity  
Among the three herbs examined, betel exhibited the widest 
spectrum of antibacterial activities at all the tested 
concentrations of its extract against the four tested Vibrio 
species (Table 4). It is followed by tuhau, where at higher 
concentrations (100mg/mL) of its extract, it can inhibit the 
other varieties of Vibrio. Meanwhile for turmeric, it seems to 
be selective on the inhibition of bacteria where it only 
inhibited Vibrio anguillarum in all tested concentrations. 

When statistical analysis was run, it shows significant 
difference for the readings from different extract 
concentrations of all tested herbs, the readings of inhibition 
zones by different extract. Readings from extract 
concentration of 20mg/ml is significantly lower than 
100mg/ml for all extracts. For the readings of inhibition zones 
by different extracts, betel is significantly higher than 
turmeric and tuhau.  

 
Table 4: Antibacterial susceptibility of herb extracts against Vibrio species 

 

Bacteria pathogen 

Diameter of inhibition zone (mm) 

V. alginolyticus 
ATCC 17749 

V. anguillarum 
ATCC 19264 

V. 
harveyi 

ATCC 35084 

V. parahaemolyticus 
ATCC 17802 

Extract Concentration (mg/mL) 
0 

Betel n.i n.i n.i n.i 
Turmeric n.i n.i n.i n.i 

Tuhau n.i n.i n.i n.i 
20 Betel 25.33 ± 0.47b 18.00 ± 2.83b 22.00 ± 1.41b 23.33 ± 0.47b 
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Turmeric 0.00 ± 0.00a 9.33 ± 0.47a 0.00 ± 0.00a 0.00 ± 0.00a

Tuhau 9.67 ± 0.47a 0.00 ± 0.00a 9.67 ± 0.47a 0.00 ± 0.00a

50 
Betel 27.33 ± 0.94b 22.00 ± 1.41b 24.00 ± 0.82b 22.33 ± 0.47b 

Turmeric 0.00 ± 0.00a 8.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Tuhau 10.67 ± 0.47a 0.00 ± 0.00a 10.67 ± 0.47a 7.50 ± 0.50a

100 
Betel 31.00 ± 2.94b 22.00 ± 0.82b 27.33 ± 1.25b 24.67 ± 0.47b 

Turmeric 0.00 ± 0.00a 8.33 ± 0.47a 8.00 ± 0.00a 0.00 ± 0.00a

Tuhau 13.33 ± 3.40a 8.33 ± 0.47a 13.00 ± 1.41a 8.00 ± 0.00a

*Values are expressed as Mean ± S.D 
*Superscripts a and b denote significant differences among the treatments (P< 0.05, Duncan test) 
*n.i: No inhibition observed 
 

Antifungal activity 
In this assay, three concentration levels of herbs were tested at 
20, 50 and 100mg/mL at three different dipping time, which 
was 1 hour, 2 hours and 24 hours of the fungal agar blocks in 

the extract. The results showed that all the herb extracts 
showed 100% inhibition of the hyphae growth of F. 
moniliforme (Table 4). 

 
Table 4: Percentage inhibition of the tested herbs against Fusarium moniliforme 

 

 

Extract 
Betel Turmeric Tuhau 

Percentage of Inhibition (%) 

Extract 
Concentration 

(mg/mL) 

Dipping 
Time 
(h) 

1 
20 100 100 100 
50 100 100 100 

100 100 100 100 

2 
20 100 100 100 
50 100 100 100

100 100 100 100 

24 
20 100 100 100 
50 100 100 100 

100 100 100 100 
 

Discussion 
In present study, betel extract proved to have great potential 
in aquaculture as it gave the best results for the antioxidant, 
antibacterial and antifungal assay. Many previous studies 
have reported similar positive results from betel extract 
whereby for antioxidant activity, betel extracts did show high 
range of 20% - 90% and the activity increases with extract 
concentration [32, 33]. Despite the amount of extracted tested, it 
showed promising inhibition zones for antibacterial activity. 
Some researchers have reported that the reason behind the 
strong antibacterial exhibition of betel extract is because of its 
various chemical components and fatty acids [23]. For the 
antifungal assay, a 100% inhibition against Fusarium 
moniliforme was obtained. Ethanol crude extracts and acetone 
crude extracts of betel gave similar results to the present 
results where the extracts were tested against Fusarium sp. 
which causes wilt disease in tomato [34]. In another study on 
the antifungal activity, ethanol crude extract of betel exhibited 
a 100% inhibition against all the tested plant pathogenic fungi 
and they reported that hydroxychavicol in betel is the 
component responsible for antifungal activity [35]. 

Crude methanolic extract of turmeric showed promising 
results in present study as it has antioxidant, antibacterial and 
antifungal activity. For its antioxidant activity, it also shows 
an increasing pattern as the concentration of the extract 
increases however its activity is considered moderate. In 
previous studies, the methanolic and ethanolic extract were 
tested for the antioxidant activity and it resulted in the 
ethanolic extract having higher antioxidant activity [36]. It is 
also reported that ethanol is much more preferred solvent 
compared to methanol for the extraction of antioxidant 
compounds because it has lower toxicity [37]. The antioxidant 
activity shown by turmeric extract in present study is less than 
50% which differs from other previous studies whereby most 

of them obtained above 70%. This is because the turmeric 
used in present study is in a form of dry spice. According to a 
previous study, dry spice turmeric has lower antioxidant 
properties because of the loss of its properties during the 
preparation process [38]. For the antibacterial activity of 
turmeric extract in present study, it only exhibited its 
properties on two bacterial strains; V. anguillarum and V. 
harveyi. In a previous study, turmeric leaf methanolic extract 
did inhibit the growth of V. parahaemolyticus but at a higher 
concentration tested, 200mg/mL [39]. Turmeric mainly 
contains tumerone and curlone and they have been reported to 
exhibit excellent antibacterial activity against various species 
of Shigella and many Gram-positive bacteria [40]. Meanwhile, 
the antifungal assay of turmeric extract in present study 
showed a 100% inhibition towards F. moniliforme. Previous 
studies have tried testing turmeric extract using various 
solvents however the antifungal properties are very low to 
zero [41]. 

Activities and properties of tuhau are less studied and has 
only a few reports. Antioxidant activity in present study 
showed an increasing pattern however it is the lowest 
compared to betel, turmeric and BHT. Results from present 
study is comparable to a previous study where the antioxidant 
activity of tuhau stems is 32.09% when 500µg/mL of extract 
was used [42]. In present study, tuhau showed good results on 
antibacterial and antifungal assay. In both assays, the extracts 
managed to inhibit the growth of Vibrio species and wider 
inhibition zones can be seen when higher concentrations are 
used and it exhibited strong antifungal properties when tested 
against F. moniliforme. The most abundant volatile 
component found in tuhau is borneol (29.6%) and when its 
essential oil was tested on four food pathogenic bacteria, its 
activity is comparable to present study [12]. A study on E. 
elatior reported that oxygenated monoterpenes are dominant 
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in the rhizomes and stem oils, which is actually also dominant 
in tuhau and it is associated closely with antibacterial 
properties [43-46, 12] However, the antimicrobial activity 
contradicts to another study where no inhibition zones were 
exhibited when they tested tuhau extracts on both Gram-
negative (Escherichia coli and Pseudomonas aeruginosa) and 
Gram-positive bacteria (S. aureus, Bacillus subtilis and 
Bacillus spizinium) and also fungi (A. niger, T. rubrum, 
Candida albicans and S. cerevisiae) [42]. In another previous 
study, leaf extracts of other Etlingera species (E. elatior, E. 
rubrostriata, E. fulgens, E. maingayi and E. littoralis) did 
inhibit the growth of Gram-negative bacteria but weakly 
inhibited Gram-positive bacteria [47]. Present results are the 
first to be reported about tuhau extracts having antifungal 
properties. 
The varying results obtained from this study on antioxidant, 
antibacterial and antifungal compared to other studies is 
probably due to its extraction methods used and may also be 
due to the different geographical area where the plants are 
grown. Soil composition can influence the amount of 
phytoconstituents in the plants and the solvent that was used 
may not be suitable to extract all the oils and components 
from the plants well thus limiting their abilities to exhibit the 
properties well enough [23]. Also, the parts of the herbs used 
can affect results of the assay. Such as for tuhau, its leaves 
may contain more phenolic compounds more than its stems 
and rhizomes as the leaves are situated higher and are able to 
absorb more ultraviolet wavelengths therefore more 
secondary metabolites are accumulated in the vacuoles of 
epidermal cells compared to stems and rhizomes [48]. 
 

Conclusion 
In conclusion, the in-vitro screening of these three-different 
species of local herbs has antioxidant, antibacterial and 
antifungal activities. Further studies on the methods of 
extraction of the oil from the plants to maximize the potential 
of the plant needs to be further elucidated. 
 
References 
1. Ching WY, Yusadli Y, Wan-Nurdiyana WA. Extraction 

of essential oil from Curcuma longa. Journal of Food 
Chemistry and Nutrition. 2014; 02(01):01-10. 

2. Tsai SY, Huang SJ, Chyau CC, Tsai CH, Weng CC, Mau 
JL. Composition and -antioxidant properties of essential 
oils from Curcuma rhizome. Asian Journal of Arts and 
Sciences. 2011; 2:57-66. 

3. Direkbusarakom S. Application of medicinal herbs to 
aquaculture in Asia. Wailalak Journal of Science and 
Technology. 2004; 1(1):7-14. 

4. Bulfon C, Volpatti D, Galeotti M. Current research on the 
use of plant-derived products in farmed fish. Aquaculture 
Research. 2015; 46:513-551. 

5. Shagufta N, Jabeen S, Manzoor SIF, Aslam F, Ali A. 
Antibacterial activity of Curcuma longa varieties against 
different strains of bacteria. Pakistan Journal of Botany. 
2010; 42(1):455-462. 

6. Jayalakshmi B, Raveesha KA, Shrisha DL, Nagabhushan, 
Amruthesh KN. Evaluation of piper betle l. leaf extracts 
for biocontrol of important phytopathogenic bacteria. 
Journal of Agricultural Technology. 2013; 9(3):631-644. 

7. Araujo CAC, Leon LL. Biological Activities of Curcuma 
longa L. Memorias do Instituto Oswaldo Cruz, Rio de 
Janeiro. 2001; 96(5):723-728. 

8. Ammon HPT, Anazodo MI, Safayhi H, Dhawan BN, 

Srimal RC. Curcumin: a potent inhibitor of Leukotriene 
B4 formation in rat peritoneal polymorphonuclear 
neutrophils (PMNL). Planta Medica. 1992; 58:26. 

9. Poulsen AD. Etlingera of Borneo. Natural History 
Publication, Kota Kinabalu, Malaysia, 2006. 

10. Prabodh S, William SN. Chemical Composition and 
Biological Activities of Nepalese Piper betle L. 
International Journal of Professional Holistic 
Aromatherapy 2012; 1(2). 

11. Li S, Yuan W, Deng G, Wang P, Yang P, Aggarwal BB. 
Chemical composition and product quality control of 
turmeric (Curcuma longa L.). Pharmaceutical Crops. 
2011; 2:28-54. 

12. Vairappan CS, Nagappan T, Palaniveloo K. Essential oil 
composition, cytotoxic and antibacterial activities of five 
Etlingera species from Borneo. Natural Product 
Communications. 2012; 7(2):239-242. 

13. Nicholas A, Daniels MPH, Alireza Shafaie MD. A 
Review of Pathogenic Vibrio Infections for Clinicians. 
Infections in Medicine. 2000; 17(10):665-685. 

14. Mohamad Lal MT, Ransangan J. Taxonomic 
classification of Vibrio harveyi using 16s Rdna and atpA 
gene sequencing method. International Journal of 
Research in Pure and Applied Microbiology. 2013; 
3(1):17-24. 

15. Nelson PE. Taxonomy and biology of Fusarium 
moniliforme. Mycopathologia. 1992; 117(1-2):29-36. 

16. Lakshmi A, Menuka A, Damisha R. Piper betle: a 
potential natural antioxidant. International Journal of 
Food Science and Technology. 2006; 41:10-14. 

17. Kaveti B, Tan L. Antibacterial activity of Piper betle 
leaves. International Journal of Pharmacy Teaching and 
Practices. 2011; 2(3):129-132. 

18. Udomkusonsri P, Trongvanichnam K, Limpoka M, 
Klangkaew N, Kusucharit N. In vitro efficacy of the 
antifungal activity of some Thai medicinal-plants on the 
pathogenic fungus, Saprolegnia parasitica H2, from fish. 
Kasetsart Journal – Natural Science. 2007; 41:56-61. 

19. Singh G, Kapoor IPS, Singh P, de Heluani CS, de 
Lampasona MP et al. Comparative study of chemical 
composition and antioxidant activity of fresh and dry 
rhizomes of turmeric (Curcuma longa Linn.). Food and 
Chemical Toxicology 2010; 48:1026-1031. 

20. Khan MB, Rabby MA, Ullah MH, Hossain CF. 
Investigation of antimicrobial and anti-inflammatory 
activity of Curcuma longa. International Journal of 
Pharmaceutical Sciences and Research 2013; 4(3):1105-
1109. 

21. Hegde MN, Shetty S, Yelapure M, Patil A. Evaluation of 
antimicrobial activity of aqueous and hydro-alcoholic 
Curcuma longa extracts against endodontic pathogens. 
IOSR Journal of Pharmacy. 2012; 2(2):192-198. 

22. Pedge SS, Ahirrao SD. Antimicrobial activities of 
turmeric and ginger root used in the treatment of 
infectious fish disease. International Journal of 
Innovations in Bio-Sciences. 2012; 2(2):81-84. 

23. Albert V, Ransangan J. Antibacterial potential of plant 
crude extracts against Gram negative fish bacterial 
pathogens. International Journal of Research in 
Pharmaceutical and Biosciences. 2013; 3(2):21-27. 

24. Bhattacharjee I, Chatterjee SK, Chatterjee S, Chandra G. 
Antibacterial potentiality of Argemone mexicana solvent 
extracts against some pathogenic bacteria. Memorias do 
Instituto Oswaldo Cruz. 2006; 101(6):645-648. 



 

~ 264 ~ 

International Journal of Fisheries and Aquatic Studies 

25. Atoui AK, Mansouri A, Boskou G, Kefalas P. Tea and 
herbal infusions: Their antioxidant activity and phenolic 
profile. Food Chemistry. 2005; 89:27-36. 

26. Hassim N, Markom M, Anuar N, Dewi KH, Baharum 
SN, Mohd Noor N. Antioxidant and antibacterial assays 
on Polygonum minus extracts: different extraction 
methods. International Journal of Chemical Engineering 
Article ID 826709, 2015; 10:2015, 2015 DOI: 
10.1155/2015/826709 

27. Chua HP, Aminah A. Determination of antioxidant 
activities of dried kacangma (Leonurus sibiricus) extract 
in three bioassay systems. Journal of Tropical Agriculture 
and Food Science. 2013; 41(2):221-229. 

28. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic 
susceptibility testing by a standardized single disk 
method. American Journal of Clinical Pathology. 1966; 
45(4):493-496. 

29. Anderson JD, Warner M, Forshaw HL. Studies on the 
effect of amoxycillin and ampicillin on 
Enterobacteriaceae in and experimental model of urinary 
infection. Journal of Antimicrobial Chemotherapy. 1975; 
1(2):197-204. 

30. Mackeen MM, Ali AM, El-Sharkawy SH. Antimicrobial 
and cytotoxic properties of some Malaysian traditional 
vegetables (ulam). International Journal of 
Pharmacognosy. 1997; 35(3):174-178. 

31. Borisutpeth M, Kanbutra P, Weerakhun S, Wada S, Hatai 
K. In vitro antifungl activity of Cassia fistula L. against 
selected pathogenic water molds. International Journal of 
Phytomedicine. 2014; 6:237-242. 

32. Prakash B, Shukla R, Singh P, Kumar A, Mishra PK, 
Dubey NK. Efficacy of chemically characterized Piper 
betle L. essential oil against fungal and aflatoxin 
contamination of some edible commodities and its 
antioxidant activity. International Journal of Food 
Microbiology. 2010; 142:114-119. 

33. Dasgupta N, De B. Antioxidant activity of Piper betle L. 
leaf extract in vitro. Food Chemistry. 2004; 88:219-224. 

34. Neela FA, Sonia IA, Shamsi S. Antifungal activity of 
selected medicinal plant extract on Fusarium oxysporum 
schlechtthe causal agent of Fusarium wilt disease in 
tomato. American Journal of Plant Sciences 2014; 
(5):2655-2671. 

35. Singburaudom N. Hydroxychavicol from Piper betel 
leave is an antifungal activity against plant pathogenic 
fungi. Journal of Biopesticides. 2015; 8(2):82-92. 

36. Nahak G, Sahu RK. Evaluation of antioxidant activity in 
ethanolic extracts of five curcuma species. International 
Research Journal of Pharmacy. 2011; 2(12):243-248. 

37. Karadeniz F, Burdurulu HS, Koca N, Soyer Y. 
Antioxidant activity of selected fruits and vegetables 
grown in Turkey. Journal of Agriculture and Food 
Chemistry. 2005; 29:297-303. 

38. Tiwari V, Vankar PS. Effectiveness of antioxidant 
properties of fresh and dry rhizomes of Curcuma longa 
(long and short varieties) with dry turmeric spice. 
International Journal of Food Engineering. 2008; 4(8). 

39. Najiah M, Nadirah M, Arief Z, Zahrol S, Tee LW, Ranzi 
AD et al. Antibacterial activity of Malaysian edible herbs 
extracts on fish -pathogenic bacteria. Research Journal of 
Medicinal Plant. 2011; 5(6):772-778. 

40. Sanjay J, Satyaendra S, Satish N, Sumbhate S. Recent 
trends in Curcuma longa Linn. Pharmacognosy Reviews. 
2007; 1:119-128. 

41. Srinivasan D, Nathan S, Suresh T, Lakshmana 
Perumalsamy P. Antimicrobial activity of certain Indian 
medicinal plants used in folkloric medicine. Journal of 
Ethnopharmacology. 2001; 74(3):217-220. 

42. Shahid-Ud-Daula AFM, Kamariah AS, Lim LBL, Ahmad 
N. Phytochemical screening, antioxidant, and 
antimicrobial activities of leaves, stems, and rhizomes of 
Etlingera coccinea (Blume) S. Sakai & Nagam. 
International Journal of Pharmacognosy and 
Phytochemical Research. 2015; 7(5):873-883. 

43. Faridahanim MJ, Che PO, Nor Hadiani I, Khalijah A. 
Analysis of essential oils of leaves, stems, flowers, and 
rhizomes of Etlingera elatior (Jack) R.M. Smith. The 
Malaysian Journal of Analytical Sciences. 2007; 11:269-
273. 

44. Sukari MA, Sharif NW, Yap ALC, Tang SW, Neoh BK, 
Rahmani M et al. Chemical constituents variation of 
essential oils from rhizome of four Zingiberaceae species. 
The Malaysian Journal of Analytical Sciences. 2008; 
12:638-644. DOI: 10.2202/1556-3758.1441 

45. Onyeagba RA, Ugbogu OC, Okeke CU, Iroaksi O. 
Studies on the antimicrobial effects of garlic (Allium 
sativum Linn.), ginger (Zingiber officinale Roscoe) 
extract and lime (Citrus aurantifolia Linn.). African 
Journal of Biotechnology. 2004; 3:552-554. 

46. Martins AP, Salgueiro L, Gonsalves MJ, Cunha AP, Villa 
R, Caigunel S et al. Essential oil composition and 
antimicrobial activity of three Zingiberaceae from S. 
Tome e Principe. Planta Medica. 2001; 67:580-584. 

47. Chan EWC, Lim YY, Mohammed Omar. Antioxidant 
and antibacterial activity of leaves of Etlingera species 
(Zingiberaceae) in Peninsular Malaysia. Food Chemistry. 
2007; 104:1586-1593. 

48. Herrmann K. On the occurrence of flavonol and flavone 
glycosides in vegetables. Zeitschrift fur Lebensmittel-
Untersuchung und Forschung. 1988; 186(1):1-5.  


