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Abstract. This study was conducted to evaluate the antibacterial activity of concoction 

Solanum ferox, Boesenbergia pandurata and Zingimber zerumbet extract (SF, BP, and ZZ) to 

inhibit pathogenic bacteria in tilapia with the each concentrations 600 ppm BP, 900 ppm SF 

and 200 ppm ZZ. Antibacterial activity was measured by testing the concoction of three plants 

extract against single isolate Aeromonas hydrophila and Pseudomonas sp. and combined both 

bacteria (10
5 
colony-forming units per milliliter). In this research, oxytetracycline was used as a 

control. Clear zone inhibition was observed at 6, 12, 18 and 24 hours after incubation at 30 
o
C. 

The results showed that the different concoction of BP: SF: ZZ have inhibitory zones against 

both single and joint isolate bacteria. The ratio of3:3:4 and 1:8:1 had higher antibacterial 

activity towards Pseudomonas sp. and  1:1:3 ratios both inhibit joint bacteria. The ZI% higher 

of concoction extracts against A.hydrophila is 1:1:8; 1:3:1; 3:4:3. The ZI% concoction extracts 

against Pseudomonas sp. ware 3:3:4 and 1:8:1 ratio. While the two bacteria combined, just 

1:1:3 ratio had higher Z%. The conclusion is that a concoction of SF:BP:ZZ is effective to 

inhibit the growth of A. hydrophila and Pseudomonas sp., even its antibacterial ability is 

similar to the effectiveness of antibiotic oxytetracycline. 

1.  Introduction 

Aeromonas hydrophila and Pseudomonas sp. are two common gram-negative bacteria found to infect 

freshwater fish [1,2,3,4,5]. Fish infected with A. hydrophila bacteria will appear to have ulcers in the 

external organs while the infected fish Pseudomonas sp. will experience a watery internal organ and a 

ruptured gall bladder [6, 7]. It reinforced by the statement of [8], A. hydrophila is a primary pathogen, 

it produces an ulcerative disease under stress conditions or an association with other pathogens, such 

as Aphanomyces spp. [9]. 

Research on the use of plant extracts to control the disease has increased showed by many articles 

that explain the benefits of plant extracts as a natural antibacterial on fish farming. The sole extract 

from B. pandurata, S. ferox, and Z. zerumbet which contain levamisole, flavonoid, steroid, 

carbohydrate, can inhibit the growth of pathogenic bacteria such as Aeromonas hydrophila and 

Pseudomonas sp. that infecting tilapia both in vitro and in vivo [10, 11, 12, 13], plant extract from 

http://creativecommons.org/licenses/by/3.0
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Ocimum sanctum [14, 15], Azadirachtin [16], Viscum albums, Urticadioica and Zingiberofficinale 

[17], Radix astragalin seu Hedysari and Radix angelicaesinensis [18, 19], Astragalus radix and 

Scutellariae radix [20]. Seven Chinese plant extracts of Aloe vera Mill. (Aloaceae), Angelica species 

(Umbelliferae), Astragalus membranaceous (Leguminosae), Ganoderma lucidum (Fr.) Karst. 

(Ganodermataceae), Panax ginseng C.A Mey. (Araliaceae), Scutellaria species (Lamiaceae) and 

Zingiber officinaleRosc. (Zingiberaceae) has an antimicrobial ability [21]. 

The combined use of multiple extracts for disease control has a higher antibacterial ability 

compared to the use of a single extract. Curcuma longa, Ocimum sanctum, and Azadirachta indica 

extract combined with a 1:1:1 had higher antibacterial activity ratio in Goldfish Carassius auratus 

were challenged with A. hydrophila infection [24]. Further trials on the treatment using a combination 

of the three extracts can improve survival and assist the healing process of wounds caused by bacterial 

infection of A. hydrophila in carp (Carassius auratus) [22]. In this paper, we will discuss the 

antibacterial activity of the combined S. ferox, B. pandurata and Z. zerumbet extracts against single 

bacteria and a combination of A. hydrophila and Pseudomonas sp. 

2.  Method 

This research was conducted from January to March 2017 at Aquatic Microbiology Laboratory, 

Faculty of Fisheries and Marine Sciences and Wood Chemical Laboratory, Faculty of Forestry 

Mulawarman University, East Kalimantan. 

2.1.  Bacteria test  

The pathogen bacteria used in this study were A. hydrophila (EA-01) and Pseudomonas sp. (EP-01) 

from the Laboratory of Aquatic Microbiology Faculty of Fisheries and Marine Sciences Mulawarman 

University. The bacteria was grown in BHI (Brain Heart Infusion Broth, DIFCO®) and BHIA (Brain 

Heart Infusion Agar, DIFCO®) solid medium for 24 hours at 30 °C, the density used was each of the 

bacteria was 10
5
 CFU mL-1. The test bacteria used in the antibacterial test was single bacteria A. 

hydropila, Pseudomonas sp. and the combined both bacteria with a ratio 1:1. 

2.2.  Preparation of B. pandurata, Z. zerumbet and S. ferox Extract 

Spices obtained from traditional markets in Samarinda, East Kalimantan Indonesia and the extraction 

process using ethanol solution by following the basic procedures [23, 10]. The extraction process was 

carried out at the Wood Chemical Laboratory at the Faculty of Forestry, Faculty of Fisheries, and 

Marine Sciences at the University of Mulawarman. The air-dried plant samples were mashed using a 

blender then dried at room temperature for 48 hours. A total of 100 g of dried samples were soaked in 

100 mL of ethanol in an Erlenmeyer at room temperature. The extract solution was filtered with 

sterileWhatman no. 42 filtration paper and filtered sample was centrifuged for 24 h at 50 rpm to obtain 

a crude extract. 

The extract concoction was prepared by mixing 0.6 g B. pandurata, 0.9 g S. ferox and 0.2 g Z. 

zerumbet ware weighed, soaked in 1 L of sterile distilled water [23, 25]. In this study will use a 

combination of S. ferox extract, B. pandurata and Z. zerumbet (SF: BP: ZZ) with a ratio of 1: 1: 8; 8: 

1: 1; 1: 8: 1; 1: 1: 3; 3: 1: 1; 1: 3: 1; 3: 3: 4; 4: 3: 3; 3: 4: 3; 2: 2: 1; 1: 2: 2; 2: 1: 2. 

 

Table 1. Combined extract of S. ferox, B. pandurata and Z. zerumbet used in the study 

Extract 

concoction 

S. ferox 

(mL) 

B. pandurata 

(mL) 

Z. zerumbet 

(mL) 

1:1:8 10 10 80 

1:1:3 20 20 60 

3:3:4 30 30 40 

2:2:1 40 40 20 

8:1:1 80 10 10 
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Extract 

concoction 

S. ferox 

(mL) 

B. pandurata 

(mL) 

Z. zerumbet 

(mL) 

3:1:1 60 20 20 

4:3:3 40 30 30 

1:2:2 20 40 40 

1:8:1 10 80 10 

1:3:1 20 60 20 

3:4:3 30 40 30 

2:1:2 40 20 40 

 

2.3.   Antimicrobial activity of concoction plant extracts 

The In vitro antibacterial test was performed by following diameter clear zone method [26]. It began 

with growing each test bacteria at BHIA at room temperature of 0.5 mL for 30 min. It was followed by 

dripping 25 μl of each extract on a 6 mm sterile antibacterial paper, and placed on the inoculated 

BHIA media with each of the test bacteria and incubated for 24 hours at 30 °C [27]. Observation of the 

inhibitory zone diameter was performed at 6, 12, 18 and 24 incubation periods. Sterile aquadest 

(distilled water) is used as a negative control and commercial antibiotic Oxytetracycline (OT) is used 

as a positive control. 

The measured result was a clear zone or zona inhibition (ZI); the ZI% of the extract used was 

compared with the antibiotic OT as the standard. The percentage of ZI was calculated using the [28]. 

 

𝑍𝐼% = 100%𝑋(
𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑍𝐼 −  𝑍𝐼 𝑤𝑎𝑡𝑒𝑟

𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐 𝑍𝐼 − 𝑍𝐼 𝑤𝑎𝑡𝑒𝑟
) 

(1) 

2.4.  Minimum inhibitory concentration (MIC) 

The minimum inhibitory concentration (MIC) of the extracts against single and combined bacteria was 

carried out using TSA media following the Mandal et al (2002)method. The test was performed by 

adding each of the combined extracts of 0.5 mL or 0.5 mL of oxytetracycline antibiotics into TSB 

medium containing bacterial cultures each (10
3
 CFU / mL). The cultures were then incubated for 24 h 

at 30 °C [30, 31, 25].  

Furthermore, 1 mL of the suspense was diluted with 9 ml sterile aquadest and the dilution was 

inoculated into TSA medium and culture for 24 hours at 30 °C, then the total number of growing 

bacteria was calculated based on [30, 31, 29, 10]. The percentage of MIC is calculated using the 

following formula. 

 

𝑀𝐼𝐶% = 100%𝑋(
𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝐶𝐹𝑈 − 𝑎𝑞𝑢𝑎𝑑𝑒𝑠𝑡 𝐶𝐹𝑈

𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐 𝐶𝐹𝑈 − 𝑎𝑞𝑢𝑎𝑑𝑒𝑠𝑡 𝐶𝐹𝑈
) 

(2) 

 

3.  Result and Discussion 

 

3.1.  Inhibition zone 

Figure 1 shows the combined effectiveness of the three extracts of A. hydrophila bacteria. The 

inhibition zone formed between 8 - 20.33 mm, in general the 6th hour after the incubation period of 

the inhibition zone begins to form and continues to increase until 24 hours. There are 7 compounds 

extracts that have a sensitive inhibitory zone (> 14 mm) against A. hydrophila bacteria, which is a 

combination of extract with a ratio of 1: 1: 8; 2: 2: 1; 3: 1: 1; 4: 3: 3; 1: 2: 2; 1: 8: 1; and 1: 3: 1. 

Combined extract with a ratio of 1: 2: 2 is the best ratio with 20.33 mm inhibition zone at 24 hours 

incubation compared to other ratios. 
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Figure 1. Antibacterial activity of concoction of S. ferox, B. pandurata and Z. zerumbet against 

Aeromonas hydrophila 

 

 
Figure 2. Antibacterial activity of S. ferox, B. pandurata and Z. zerumbet extracts against 

Pseudomonas sp. 

 

Pseudomonas sp. is a pathogenic bacterium that is also inhibitory assay using a combination of all 

three extracts. Figure 2 shows the inhibitory zone from the overall combination of extracts to the 

bacteria Pseudomonas sp. The clearly zone is generally smaller than the zone of inhibition against A. 

hydrophila bacteria that is ranged from 8 - 17.33 mm. There are only 3 combined extracts that have a 

sensitive inhibitory zone (> 14 mm) against Pseudomonas sp. namely the combination of extract with 

a ratio of 3: 3: 4; 3: 1: 1; and 1: 8: 1. Combined extract with 3: 3: 4 and 1: 8: 1 ratio is the best ratio 

with 17.33 mm inhibition zone at 24 h incubation time compared to other ratio 

Both bacteria A. hydrophila and bacteria Pseudomonas sp. always found to infect tilapia 

simultaneously and the pathogenicity rate of bacterial compounds is generally higher than that of 

single infections [35]. The trials of the combined trials of the extracts were carried out on a 

combination of both in vitro bacteria. The results show the average inhibition zone formed from the 
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overall combination of extracts to the two bacteria can be seen in Figure 3. What formed is ranged 

from 8 - 18.67 mm. There are 8 combinations of extracts that have a sensitive inhibitory zone (> 14 

mm) against both bacteria (A. hydrophila and Pseudomonas sp.), Which are combined with a ratio of 

1: 1: 3; 3: 3: 4; 2: 2: 1; 8: 1: 1; 4: 3: 3; 1: 3: 1; 2: 1: 1; and 3: 4: 3. Combined extract with a ratio of 1: 

1: 3 is the best ratio with 20.67 mm inhibition zone at 24 h incubation compared with other ratios. 

 

Figure 3.Antibacterial activity of concoction S. ferox extract, B. pandurata and Z. zerumbet against 

Aeromonas hydrophila and Pseudomonas sp. combination. 

 

The ethanol extracts of the various comparison ratios have different inhibitory zones when 

compared with the antibiotic oxytetracycline, only a few ratios that have a ZI% value of percentage. 

Generally, a ZI% value is formed after 12 h of incubation time and begins to increase with increasing 

length of incubation. Zone inhibition (ZI%) against A. hydrophila bacteria ranged from 5.6 to 26.32%; 

19.5% against Pseudomonas sp. and 5.7-42.5% against both bacteria. The overall average ZI% formed 

can be seen in Table 2. 

 

 

Table 2. Percentage of Zone Inhibition (ZI%) concoction extract of S. ferox, B. pandurata and Z. 

zerumbet against Aeromonas hydrophila, Pseudomonas sp. and combination of both bacteria based on 

time (hours/h) of incubation 
Concoction 

Extract (SF:BP: 

ZZ) 

Bacterial test 

A. hydrophila  Pseudomonas sp. Combined Bacteria 

6 hr 12 hr 18 hr 24 hr 6 hr 12 hr 18 hr 24 hr 6 hr 12 hr 18 hr 24 hr 

1:1:8 0 1 21.05 26.32 0 0 0 0 0 0 0 0 

1:1:3 0 1 21.05 26.32 0 0 0 0 0 0 26.4 42.5 

3:3:4 0 1 21.05 26.32 0 0 3.45 19.5 0 0 0 5.7 

2:2:1 0 0 0 0 0 0 0 0 0 0 0 28.7 

8:1:1 0 0 0 0 0 0 0 0 0 17.2 28.7 0 

3:1:1 0 0 0 0 0 0 0 0 0 0 0 0 

4:3:3 0 0 0 0 0 0 0 0 0 0 26.4 35.6 

1:2:2 0 0 0 0 0 0 0 0 0 0 0 0 

1:8:1 0 0 0 0 0 5.7 14.9 19.5 0 0 0 0 
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1:3:1 0 0 1 5.26 0 0 0 0 0 0 0 0 

3:4:3 0 0 0 1 
0 0 0 0 

0 0 5.7 12.6 

2:1:2 0 0 0 1 
0 0 0 0 

0 0 0 26.4 

The ratio of SF: BP: ZZ of 3: 3: 4 is a ratio that has a good ZI% against single bacteria A. 

hydrophila, Pseudomonas sp. as well as the combination of both bacteria, compared with other ratios. 

Successive amount of the ratio of the three combined extracts to A. hydrophila bacteria, Pseudomonas 

sp. and both bacteria are as follows 4, 2, 7 ratio. The largest ZI% score was 35.6% in a 4: 3: 3 ratio 

against both bacteria.The value of combined MICs SF: BP: The highest ZZ is a 1: 1: 8 ratio to A. 

hydrophila; 1: 8: 1 against Pseudomonas sp. and 1: 1: 3 against the combined bacteria. 

 

Table 3. MIC% concoction of S. ferox, B. pandurata and Z. zerumbet against A. 

hydrophila, Pseudomonas sp. and a combination of both bacteria at the 24 h incubation 

period. 

Concoction extract 

(SF:BP:ZZ) 

Bacteria Test 

A.hydrophila Pseudomonas sp. Combined Bacteria 

1:1:8 94% 57% 56% 

1:1:3 70% 45% 85% 

3:3:4 63% 64% 67% 

2:2:1 80% 52% 67% 

8:1:1 63% 57% 45% 

3:1:1 92% 59% 54% 

4:3:3 70% 55% 67% 

1:2:2 80% 55% 45% 

1:8:1 77% 67% 45% 

1:3:1 80% 60% 65% 

3:4:3 79% 55% 64% 

2:1:2 55% 45% 70% 

The three-plant extracts namely S. ferox, B. pandura and Z. zerumbet have antibacterial ability 

against bacteria A. hydrohila and Pseudomonas sp. If the extract of B. pandurata and Z. zerumbet 

effectively inhibited the growth of A. hydrophila bacteria both in vitro and in vivo, S. ferox extract was 

more effective in inhibiting Pseudomonas sp. also in vitro [10, 11] and in vivo [12, 13]. The 

concoction of the three extracts effectively inhibited both bacteria in vitro, and the results showed 

higher compared with a single extract. The concoction of the extract to inhibit pathogenic bacteria 

proved to be better than that of a single extract such as the results of [25] study that combined the O. 

support, T. avicennoides, and balsam apple (Momordica balsamina) (290.6-750.0 lg / mL) against 

some bacteria: A. hydrophila, S. dysenteriae, Shigella flexneri, Shigella sonnei, Shigella bodyii, and E. 

coli. Similarly, the results of the [24] study combined three extract Curcuma longa, Ocimum sanctum, 

and Azadirachta indica with a 1: 1: 1 ratio effectively suppressing A. hydrophila bacteria compared to 

a single extract. 

Phytochemical results show that the extract of S. ferox contains alkaloids and carbohydrates; B. 

pandurata contains alkaloids, flavonoids, and carbohydrates while Z. zerumbet contains alkaloid 

flavonoids, steroids and carbohydrates [10]. Crude extracts are potential to inhibit bacterial growth 

than fractionation of components that would normally affect the loss of antibacterial cytokines [34], so 

the use of crude extracts for field applications would be more effective. 
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Differences of the material contained resulted in differences in antibacterial activity against 

bacteria, when the three extracts were combined, showed an increase in antibacterial ability due to 

synergism between the three extracts. The components contained in the extracts increase each other's 

ingredients. However, further research is needed for in vivo testing whether the incorporation of the 

three extracts can be useful in enhancing fish immunity or not. The control of A. hydrophila bacteria, 

Pseudomonas sp. both single and combined in fish in vivo can be performed. 

4.  Conclusion 

In this study showed that the combined extract of S. ferox, B. pandurata, and Z. zerumbet with the 

ratio 1: 1: 8; 1: 8: 1; and 1: 1: 3has the potential to inhibit the growth of A. hydrophila bacteria, 

Pseudomonas sp. or both.  
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