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ABSTRACT

Objective: This study aims to determine antibacterial activity of ethanolic extract of jaloh (Salix tetrasperma Roxb.) leaves against Staphylococcus 
aureus (SA) and Pseudomonas aeruginosa (PA).

Methods: Extract was obtained by maceration method of jaloh (S. tetrasperma Roxb.) leaves dried powder with 96% ethanol as solvent. The 
antibacterial activities of extract were tested by Kirby–Bauer method against SA and PA. Data were analyzed statistically using Kruskal–Wallis test for 
significant difference level p<0.05.

Results: Based on the regression test, the equation of regression curve of extract antibacterial activity on SA and PA, respectively, was 
y=350.456x-229.579 and y=331.866x-272.069. The minimum inhibitory concentrations (MICs) of SA and PA from the equation of regression curve, 
respectively, were 4.5193 and 6.6039 mg/mL.

Conclusion: Based on the MIC value, ethanolic jaloh leaves extract had a weak antibacterial activity against SA and PA.
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INTRODUCTION

Commonly to treat infectious diseases use antibiotics. The improper 
usage of antibiotics arise bacterial resistant to one or some type of 
antibiotic (multiple drug resistance) [1]. For this reason, the effort 
to search and develop new antibacterials still have been done.
New antibacterial sources can be obtained and developed from 
plants because of the content of secondary metabolites such as 
saponins, tannins, alkaloids, flavonoids, and terpenoid efficacious as 
antibacterial [2,3].

There are plant species that grow in Aceh, by people called jaloh or 
sijaloh (Salix tetrasperma Roxb.), from the Salicaceae family. Utilization 
of this plant in some areas of Aceh is used as a febrifuge (antipyretic) [4]. 
Salicaceae family plant contains the main compounds of phenols such 
as flavonoids and tannins [5].

Based on that, jaloh plants have potential as antibacterial. This study 
aims to determine the antibacterial activity of jaloh plants.

METHODS

Chemical and reagents
Ethanol 96% (Merck), dimethyl sulfoxide (DMSO) (Merck), medium 
nutrient agar (oxoid), nutrient broth (oxoid), Mueller-Hinton agar 
(oxoid), aqua bidestilata sterile (Ikapharmindo Putramas), and NaCl 
0.9% (Widatra Bhakti) were used.

Bacterial strains
Bacteria test culture was Gram-positive Staphylococcus aureus (SA) 
ATCC 6538 and Gram-negative Pseudomonas aeruginosa (PA) ATCC 
9027 obtained from Microbiology Laboratory of Faculty of Pharmacy 
USU, Medan, Indonesia.

Plant materials
Jaloh plant (S. tetrasperma Roxb.) was collected from Lambaro Angan 
village, Aceh Besar, Aceh Province, Indonesia.

Preparation of extracts
A total of 600 g of jaloh leaves dried powder was macerated with 6 L 
ethanol 96% [6]. The macerate was then distilled and evaporated under 
reduced pressure at a temperature of not more than 50°C using a rotary 
evaporator to obtain a viscous extract [7].

Antibacterial activity assay
The antibacterial activity test was performed by Kirby-Bauer 
method by as much as 0.1 mL inoculum of each bacterium SA and PA 
106 CFU/mL mixed homogeneously with 15 mL Mueller-Hinton Agar 
in a petri dish, then left until medium solidified. Thereafter, paper 
disc was impregnated by 10 µL of each extract solution in DMSO 
concentration of 500, 250, 125. 62.5, 31.25, 15.625, and 7.8125 mg/mL 
implantation to the medium for 10 min to diffuse and then incubated at 
36–37°C for 24 h. Furthermore, each Petri was measured the diameter 
of the transparent zone (inhibition zone) around the disc using the 
sliding term [7,8]. The test was conducted 5  times. The minimum 
inhibitory concentration (MIC) of the extract was determined using 
the regression equation from the graph of square inhibition zone 
diameter (mm) to the concentration log and the intersection on the 
X-axis recorded as MIC [9,10].

Statistical analysis
Data were analyzed statistically using Kruskal–Wallis test with 
significant different level p<0.05. This statistical analysis was 
performed using the Statistical Product and Service Solution program 
version 18.
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RESULTS

The inhibitory zone formed around the papermaking indicates that the 
extract has antibacterial activity against Gram-positive SA and Gram-
negative PA bacteria. The mean diameter of the inhibitory extract zone 
is shown in Table 1.

The values of the inhibitory zone diameters shown in Table  1 were 
greater by increasing the concentration of extracts tested against SA 
and PA. Based of  Kruskal–Wallis test, it showed significant difference 
(p<0.05). meaning that the various extract concentration produced 
significant difference to the diameter of the inhibition zone of SA and 
PA.

Table 1 also shows the extract inhibitory zone diameter in SA greater 
than PA. Based on the Kruskal–Wallis test, in addition to concentrations, 
different types of test bacteria also caused a significant difference 
(p<0.05) against the inhibitory zone diameter. However, the inhibitory 
zone diameter formed in SA and PA with extract concentration of 
15.625, 250, and 500 mg/mL did not differ significantly (p>0.05).

Based on the regression test, the regression equation curve of 
antibacterial activity of extract on SA and PA as shown in Fig.  1 was 
each y=350.456x-229.579 and y=331.866x-272.069. MIC is the antilog 
value of the intersection on the x-axis of the regression equation so that 
MIC extract of SA and PA was 4.5193 and 6.6039 mg/mL, respectively.

DISCUSSION

The results of the antibacterial activity test of jaloh plants as presented 
in Table  1 show the differences with the results obtained by Islam 

et al. [11]. The antibacterial activity of natural compounds can be 
different because it is influenced by growing places, harvest time, 
and extraction methods. Extraction procedures that use chemicals 
or heating may alter the content of active compounds, functions, 
and natural characteristics or may produce unsafe compounds. The 
chemical structure and concentration of the plant’s active components 
also determine its antibacterial properties [5]. Increased concentrations 
of the extracts mean that the antibacterial compound is higher and the 
diameter of the inhibitory zone is greater.

Flavonoids and tannins are phenol group compounds that become 
the main compound of plant jaloh. Phenol compounds are polar. 
A compound has maximum antibacterial activity when it has optimum 
polarity because hydrophilic-lipophilic balance is required in the 
interaction of an antibacterial compound with bacteria. The location 
and number of hydroxyl groups in the phenol group are thought to be 
related to toxicity to microorganisms. The mechanism of the action of 
phenol compounds will generally interact with proteins present in the 
cell wall or cytoplasm through hydrogen bonding and hydrophobic 
interactions. This compound disrupts the membrane function and 
affects the membrane protein, resulting in changes in the structure 
and function and permeability of bacterial cells, causing the loss of 
macromolecules from within the cell. Phenol compounds at high 
concentrations can cause protein denaturation. Another mechanism is 
to interfere with the activity of enzymes in cells. This can occur at low 
concentrations [5,12,13].

Flavonoids are synthesized by plants in reaction to bacterial infections, so 
when tested in vitro with various microorganisms, show effective results 
as an antibacterial compound. Its activity may be related to the ability 
of these compounds to form complexes with extracellular and dissolved 
proteins and bacterial cell walls. Lipophilic flavonoids can also interfere 
with microbial membranes. The bacterial cell membrane is damaged in 
the phospholipid part so that the permeability becomes reduced [14,15].

Tannin acts as an antibacterial possibility regarding its ability to: (i) Bind 
to proteins and adhesins and inhibit enzymes, (ii) form complexes with 
cell walls and metal ions, and (iii) disrupt plasma membranes. Complexes 
formed with proteins through hydrogen bonds cause the protein to be 
denatured so that bacterial metabolism becomes impaired [15,16].

Anthraquinone has very reactive characteristics. It is known to form 
a non-reversible complex with nucleophilic amino acids in proteins, 
thereby causing the protein to become inactive and to lose cell function. 
This makes the potential coverage of anthraquinone antibacterial effects 
very good. Possible targets in bacterial cells are adhesins, cell wall 
polypeptides, and enzymes resulting in bacterial death. Anthraquinone 
also makes substrate unavailability for bacteria [14,17].

Fig. 1: Regression curve of ethanolic extract of jaloh (Salix tetrasperma Roxb.) leaves against Staphylococcus aureus and Pseudomonas 
aeruginosa

Table 1: Effect of concentration of ethanolic extract of 
jaloh (S. tetrasperma Roxb.) leaves against zone inhibition zone 

diameter of SA and PA

Extract concentration Inhibition zone diameter (mm±SD, 
n=5)

SA PA
7.8125 mg/mL 12.070.8013 9.22±0.8672
15.625 mg/mL 13.12±1.6977* 10.44±0.9711*
31.25 mg/mL 16.13±0.5287 13.82±0.3421
62.5 mg/mL 19.22±0.2775 16.82±0.8136
125 mg/mL 21.88±0.5718 20.14±0.2510
250 mg/mL 24.51±0.4450* 22.94±2.5716*
500 mg/mL 27.78±0.4087* 25.84±6.4802*
*Not significant difference (p>0.05). S. tetrasperma: Salix tetrasperma, S. 
SA: Staphylococcus aureus, PA: Pseudomonas aeruginosa, SD: Standard deviation
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The mechanism of action of terpenoid compounds is not fully 
understood but is thought to interfere with membrane formation 
by lipophilic compounds [14]. The ability of terpenoids damages cell 
membranes, deactivates enzymes, and denatures proteins causing the 
permeability of bacterial cell walls to decrease so that cell walls are 
damaged [14,18].

Antibacterial activity is also affected by the type of bacteria. Gram-
positive bacteria SA and Gram-negative PA have differences in 
thickness and cell wall components. SA cell wall consists only of 
a thick layer of peptidoglycan with a lipid content of 1–4% and a 
water soluble polysaccharide (acidic acid) so that the cell wall of 
bacteria is polar. Since the structure is simpler so as to facilitate the 
antibacterial compound into the cell and find the target of work and 
this causes Gram-positive tends to be more sensitive to antibacterial, 
whereas PA has a thinner peptidoglycan layer with the lipid content 
of 11–22%, the structure has an outer membrane composed of the 
outer lipopolysaccharide and the inner phospholipids so as to be non-
polar. The outer membrane serves as a protector of toxic substances 
including antibacterials so as to prevent antibacterial penetration into 
the work target and this causes the antibacterial to be less effective. 
Polar compounds more easily penetrate the peptidoglycan layer than 
the lipid layer [13,15].

According to Sartoratto et al. (2004) in Fernandes et al., antibacterial 
activity with MIC 50–500 µg/mL is strong, 600–1500 µg/mL is 
moderate, and above 1500 µg/mL is weak [16]. Other literature sources 
mention that crude extracts are said to be active if they have <8 mg/
mL of MIC. MIC crude extracts and insulating compounds, respectively, 
above 1 and 0.1 mg/mL are recommended to avoid. Current research 
considers that MIC <1 mg/mL has good activity [19]. Based on this, the 
antibacterial activity of ethanol extract of jaloh leaves against SA and 
PA is weak.

Most plant secondary metabolites have weak antibacterial activity, even 
less activity than antibacterial compounds produced by bacteria and 
fungi. Due to the synergistic mechanisms between plant compounds, 
even though their antibacterial potency is lacking, plants successfully 
fight infection well [16]. Plants with compounds that have no intrinsic 
antibacterial activity are capable of making bacteria susceptible to 
previously ineffective antibiotics [20,21].

CONCLUSION

Leaf ethanol extract had a weak antibacterial activity against SA and PA 
with MIC values of 4.5193 and 6.6039 mg/mL, respectively.
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