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 ABSTRACT  

 

Background: The concept of synergism is one of the approaches taken to 

combat the problems related to antibiotic resistance. Objectives: The goal 

of this study was to determine the synergistic effect of the antibacterial 

activity of a combination of essential oil of Zanthoxylum acanthopodium 

DC fruit and erythromycin against Streptococcus mutans and Streptococcus 

pyogenes. Methods: The broth microdilution assay was used to determine 

the Minimum Inhibitory Concentration (MIC) of Z. acanthpodium DC fruit 

essential oil and erythromycin. The synergistic effects were assessed using 

the checkerboard method. Results: MIC value of Z. acanthopodium DC 

fruit essential oil against both bacteria was 2500 mg/mL. The combination 

of Z. acanthopodium DC fruit essential oil and erythromycin had a 

synergistic effect against S. mutans and S. pyogenes with fractional 

inhibitory concentration index (FICI) values of 0.375 and 0.0872, 

respectively. Conclusions: These results suggest that a combination of 

herbal plants and conventional antibiotics could be used as an alternative 

therapy for bacterial infections. 
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INTRODUCTION 

Antibiotics are substances that can either kill or suppress the growth of bacteria (Ledingham, Hinchliffe, 

Jackson, Thomas, & Tomson, 2019). Antibiotic resistance is a major worldwide health issue associated 

with antibiotics and a significant cause of infection therapy failure. In 2019, Murray et al.  reported that 

it was estimated that antimicrobial resistance caused approximately 4.95 million deaths (Murray et al., 

2022). Gram-negative bacteria are more resistant than gram-positive bacteria, however, occurrences of 

antibiotic resistance in gram-positive bacteria are also increasing (Centers for Disease Control and 

Prevention (CDC), 2019). Streptococcus mutans and Streptococcus pyogenes constitute the oral 

microbiota. According to previous studies, oral pathogens are also linked to systemic diseases, such as 

cardiovascular disease. World Health Organization (WHO) has reported that many bacteria linked to 

oral-maxillofacial infections are also linked to antibiotic resistance, posing a severe health threat 

worldwide (Meinen et al., 2021; Zhou & Li, 2015). 

Gram-positive bacterium that commonly found in the human oral cavity is Streptococcus mutans and 

contributes significantly to dental caries (Adiguna & Santoso, 2017; Andries, Gunawan, & Supit, 2014). 

Streptococcus pyogenes is a gram-positive bacterium and its primary infection is commonly identified 

as Streptococcus pharyngitis. It is estimated that hundreds of millions of people experience serious S. 

pyogenes infections each year, of which 600,000 cases of invasive infections and 616 million cases of 

pharyngitis contributed to 163,000 deaths from 2009 and 2014 (Kebede, Admas, & Mekonnen, 2021). 

Streptococcus infections in patients with allergies to the β-lactam group can treated with macrolide 

antibiotics as an alternative. The use of macrolides is known to experience resistance, which is supported 

by previous research, where erythromycin antibiotics showed resistance to gram-positive bacteria 

isolated from dental plaque in 83.3% of cases. The use of herbal plants as an alternative therapy for 

infectious diseases has increased, due to the high content of antimicrobial compounds (Khasanah, 

Muslim, & Welkriana, 2019) . 

Andaliman (Zanthoxylum acanthopodium DC) is one of the herbal plants that can be effectively utilized 

for this purpose. Z. acanthopodium DC is a wild plant native to North Sumatra (Nurlaeni, Iskandar, & 

Junaedi, 2021). Among the secondary metabolites found in Z. acanthopodium DC seeds are flavonoids, 

saponins, tannins, triterpenoids, and alkaloids. Z. acanthopodium DC fruit also has a significant essential 

oil content, with prior studies showing that there are 29 chemical components, with geranyl acetate being 

the primary component of Z. acanthopodium DC fruit essential oil. Z. acanthopodium DC fruit possesses 

a variety of pharmacological properties, including antibacterial activity (Moektiwardoyo, Muchtaridi, 

& Halimah, 2014). Previous research has found that Z. acanthopodium DC fruit extract in ethyl acetate 

inhibits the growth of Escherichia coli. Terpene chemicals found in Z. acanthopodium DC fruit suppress 
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E. coli growth by causing cell damage (Sitanggang, Duniaji, & Pratiwi, 2019). The ethyl acetate fraction 

of Andaliman fruit extract is also active against Staphylococcus aureus (Muzafri, 2019). 

The concept of drug synergism, combining known antibiotics with plant extracts, is a novel idea. They 

can have beneficial and harmful effects, whereas harmful effects can be antagonistic or toxic (Mabeku, 

Emmanuel, Kouam, Zra, & Louis, 2013). Combination or synergistic therapy may improve therapeutic 

efficacy compared to single-drug use, increase the spectrum of antibacterial activity, prevent therapeutic 

failure when antimicrobial resistance is suspected, prevent the development of resistance, and lower the 

dose associated with toxicity (Rai & Kon, 2013). No studies have been conducted to investigate the 

synergistic effect of Z. acanthopodium DC fruit essential oil with erythromycin or any other antibiotics. 

The present study aimed to evaluate the synergistic antibacterial activity of andaliman (Zanthoxylum 

acanthopodium DC) fruit essential oil and erythromycin against Streptococcus mutans and 

Streptococcus pyogenes. 

MATERIAL AND METHODS  

Materials  

Fresh fruit of Z. acanthopodium DC, Streptococcus mutans and Streptococcus pyogenes ATCC 

19615 that was provided by by the Research Centre for Pharmaceutical Ingredients and Traditional 

Medicine, Nutrient Agar (Himedia), Mueller Hinton Broth (MHB) (Himedia), dimethyl sulphoxide 

(DMSO), McFarland 0.5 Standard (Himedia), NaCl (Merck), and H2O. 

Methods 

Essential Oil Preparation 

Z. acanthopodium fruits were collected. The fresh crushed Z. acanthopodium DC fruit weight 100 g is 

then taken into a 500 mL distillation flask, 300 mL water was added and by using Clevenger-type 

apparatus, hydrodistilled was done for 2-3 hours. Recovered oils were stored in amber bottles at 4 ℃ 

(Soulaimani et al., 2021). Using the following equation, EO yield was calculated: 

Yield of the Essential oil (% w/v) = 
volume of the extracted EO (mL)

Weight of the fresh material (g)
 × 100 

Gas Chromatography Mass Spectrometry (GC-MS) Analysis  

Gas Chromatography-Mass Spectrometry (GC-MS) was used to analyze the Chemical components 

contained in the essential oil of Z. acanthopodium DC fruit (Altun & Yapici, 2022) with the instrument 

Agilent 7890B GC, 5977B MSD (Agilent Technologies) equipped with an Agilent DB-5MS UI 5% 

Phenyl Methyl Silox (30 m × 250 µm × 0.25 µm) at 325 ℃. Helium (He) was used as the carrier gas. 

The front inlet was kept at 250 ℃ in the splitless mode 1 μL of sample was injected into the GC-MS 
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instrument. The GC oven was programmed at 40 ℃ for 1 minute, then increased by 10 ℃ per minute 

until it reached a temperature of 300 ℃, and maintained for 4 minutes. The temperature of the transfer 

line was maintained at 270 ℃, the MS source at a temperature of 230 ℃, and the quadrupole MS at a 

temperature of 150 ℃. Chemical components were identified by comparing the mass spectra of the 

samples with a database from the NIST 17 Library. 

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC)  

Determination of the MIC value of Z. acanthopodium DC fruit essential oil and erythromycin in this 

study was performed using the microdilution (broth) method. Each sample was dissolved in DMSO 

0.5% before being diluted with MHB to the desired concentration, in which erythromycin and essential 

oil at 1,000 and 10,000 mg/mL, respectively. Briefly, 96-well microplates were filled with 100 μL of 

MHB. Essential oil at a concentration of 10,000 mg/mL was added to the first row (A1) of 96-well 

microplates and serially diluted. Erythromycin at 1,000 mg/mL concentration was added to the second 

row (A2) and serially diluted. After that, 100 μL of bacterial suspension at a concentration of 1×106 

CFU/mL was inoculated. The microplate was incubated for 24 hours at 37 ℃. MIC was determined by 

looking at the turbidity formed, where the well with the lowest concentration that showed no turbidity 

was considered the MIC value. All assays were performed in triplicate (Crevelin et al., 2015; Haq et al., 

2022; Maftuhah, Harnina, & Mustikaningtyas, 2015). To determine MBC values, one loop of the broth 

from wells with no turbidity during MIC assay was transferred to a MHA plate and incubated at 37 ℃ 

overnight. The bactericidal action was indicated by the lowest concentration at which the test organisms 

did not grow in the MHA plate (Balali, Yar, & Sylverken, 2023; Hossain et al., 2017). 

The Synergistic Effect of Z. acanthopodium DC Fruit Essential oil with Erythromycin  

The synergistic effect of Z. acanthopodium DC fruit Essential Oil with Erythromycin was determined 

using the checkerboard technique (n=3). Working solutions of erythromycin and Z. acanthopodium DC 

fruit essential oil were prepared based on the MIC value. 96-well microplates were used and filled with 

100 μL of MHB. Essential oil was introduced horizontally and two-fold serial dilution was performed 

along the x-axis. Erythromycin was introduced vertically into the same plate, and two-fold serial dilution 

was performed along y-axis. Subsequently, 100 μL of bacterial suspension at a concentration of 1 × 106 

CFU/mL was inoculated in all wells. Two wells were reserved for negative and medium controls (Altun 

& Yapici, 2022; Soudeiha, Dahdouh, Azar, Sarkis, & Daoud, 2017).  The interaction between essential 

oil and erythromycin was determined by FICI values using the following formula (Altun & Yapici, 

2022): 
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∑FICI = FIC essential oil + FIC erythromycin 

FIC essential oil = 
MIC EO in combination

MIC of EO alone
 

FIC erythromycin = 
MIC Erythromycin in combination

MIC of erythromycin alone
 

The FICI results were interpreted as follows: synergism, FICI ≤0.5; additive, 0.5< FICI ≤1; indifferent, 

≥1.0 FICI ≤4.0, and antagonism, FICI >4. 

RESULTS AND DISCUSSION 

Essential Oil Preparation and GC-MS Analysis 

Developing new antibiotics takes time, combining antibiotics with other antibacterial agents in new 

regimens is key to managing AMR (Coates, Hu, Holt, & Yeh, 2020). Essential oils are known to have 

potential as antibacterial agents, due to their chemical composition and broad spectrum of antimicrobial 

activity. However, some essential oils' therapeutic application has limitations, due to their moderate or 

low antimicrobial activity. Combining essential oil and conventional antibiotics has been indicated as 

an effective strategy for enhancing their efficacy and producing additional antimicrobial activity 

(Soulaimani et al., 2021). This study evaluated the synergistic antibacterial activity of combinations of 

Z. acanthopodium DC fruit essential oil and erythromycin against S. mutans and S. pyogenes. The 

essential oil of Z. acanthopodium DC in this study was obtained through hydrodistillation. 

Hydrodistillation of fruit part of the studied plants resulted in oil with a light-yellow color and a 

distinctive fragrance. The result showed that essential oil yield of fresh fruit was 1.107% (v/w). The GC-

MS analysis successfully identified chemical constituents in essential oil. In total 52 constituent were 

identified, with the main constituents of Z. acanthopodium DC essential oil were D-limonene 

(31,6499%), geranyl acetate (20,4238%), α-pinene (11.208%), dan other constituent such as geraniol, 

citronellol, citronellal, and linalool as seen in Table 1. 

Table 1. Chemical Compositions of Zanthoxylum acanthopodium DC Fruit Essential Oil 

Compound Class RT (min) Composition (%) 

D-limonene Monoterpene 8.2209 31.6499 

Geranyl acetate Monoterpene 13.3629 20.4238 

-pinene Monoterpene 6.5573 11.208 

Geraniol Monoterpene 11.5607 9.4701 

Citronellol Monoterpene 11.1574 2.8371 

Cinnamic acid Ester 13.5394 2.6713 

Sabinene Monoterpene 7.2 2.4955 

α-Selinene Sesquiterpene 14.9635 2.4227 

Citronellal Monoterpene 10.0483 2.145 

-Myrcene Monoterpene 7.4395 1.8808 
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Linalool Monoterpene 9.2291 1.7094 

Other 11.0862 

Total (%) 99.9998 

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC) 

Results of individual antibacterial activities of Z. acanthopodium DC fruit essential oil and antibiotic 

are given in Table 2. The data showed that both Z. acanthopodium DC essential oil and erythromycin 

were able to inhibit S. mutans and S. pyogenes, where the MIC value for Z. acanthopodium DC EO was 

2500 mg/mL, while the MIC value of erythromycin ranging from 1.95 mg/mL to 250 mg/mL. The test 

was then carried out from the MIC value obtained to determine the MBC value. Z. acanthopodium DC 

fruit essential oil exhibited bactericidal activity against S. pyogenes with an MBC value of 2500 mg/mL. 

In contrast,  it did not exhibit bactericidal activity against S. mutans, with an MBC value > 2500 mg/mL. 

This result could be due to the capability of S. mutans to form biofilms, which can increase the resistance 

of S. mutans (Ács et al., 2018). Research on Z. acanthopodium DC fruit conducted by Susanti et al. 

(2020) also showed that Z. acanthopodium DC has antibacterial activity, where the n-hexane extract 

was able to inhibit the growth of Salmonella typhi. Another study from the genus Zanthoxylum with the 

species Z. armatum DC showed positive results against S. mutans with an inhibition zone of 12.66 ± 

0.33 mm (Mirza et al., 2019). Z. nitidum DC fruit essential oil from Vietnam also has antibacterial 

activity against gram-positive bacteria Bacillius subtilis and gram-negative bacteria E. coli with MIC 

value of 100 mg/mL (Tuyen et al., 2021). These results indicate that the genus Zanthoxylum has 

antibacterial activity against both gram-positive and gram-negative bacteria. 

Table 2. Antibacterial Activity of Zanthoxylum acanthopodium DC Essential oil and Erythromycin 

against tested bacteria 

Sample 
S. mutans S. pyogenes S. mutans S. pyogenes 

MIC (mg/mL) MBC (mg/mL) 

Essential oil of Z. 

acanthopodium DC 
2500 ± 0 2500 ± 0 > 2500 2500 

Erythromycin 250 ± 0 1.953125 ± 0 > 250 1.953125 

MIC values are presented as mean ± SD (n=3) 

Erythromycin is a macrolide antibiotic that inhibits protein synthesis and it’s commonly used to treat 

infections caused by gram-positive bacteria, including streptococci and staphylococci. Several studies 

have shown that overuse of macrolides is associated with increased cases of antibiotic resistance, one of 

which is mediated by the Erm gene which causes changes in ribosomal targets (Percival, Williams, 

Randle, & Cooper, 2014; Wijesundara, Lee, Cheng, Davidson, & Rupasinghe, 2021). S. mutans and S. 

pyogenes are gram-positive bacteria, which is one factor affecting the action of essential oils. Previous 
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studies have reported that essential oils have better antibacterial activity against gram-positive. This is 

related to the difference in membrane structure between the two types of bacteria, where gram-negative 

bacteria have an outer membrane containing lipopolysaccharide (LPS) molecules. LPS prevents the 

targeted cell from being penetrated by macromolecules and hydrophobic compounds (Li, Cai, Liu, Sun, 

& Luo, 2019).  

The antibacterial action of Z. acanthopodium DC essential oil could be attributed to the fact that its 

primary constituents are monoterpenes, which are known to have high antibacterial activity. The main 

constituents of Z. acanthopodium DC essential oil were D-limonene (31,6499%) and other constituents 

such as geraniol, citronellol, citronellal, and linalool (Table 1). According to the study conducted by 

(Kintamani et al., 2023), the GC-MS analysis of Z. acanthopodium DC fruit essential oil was primarily 

composed of D-limonene, geranyl acetate, geraniol, and citronellal. (Yang et al., 2022) reported that the 

essential oil of Z. acanthopodium DC fruit from China has the main component of limonene. These 

results differ from previous research, where the essential oil of andaliman fruit from Indonesia was 

extracted with n-hexane and the main compounds were carveol (47.7%) and mirtenyl acetate (12.55%) 

(Yanti & Limas, 2019). Extraction techniques and environmental factors, such as light and temperature 

may be responsible for these varying components of Z. acanthopodium DC fruit essential oil. 

Limonene has been reported to exhibit antibacterial activity. According to the previous study conducted 

by Li et al. (2019) finger citron essential oil possessed antibacterial activity against Staphylococcus 

aureus and E. coli, in which limonene was the main component of finger citron essential oil, causing 

damage to cell membranes, resulting in leakage of nucleic acids and proteins and causing death in both 

bacteria. Research conducted by (Han, Chen, & Sun, 2021) also supports this result, where limonene 

showed antibacterial activity against S. aureus with a MIC value of 20,000 mg/mL. Sun et al. reported 

that lemon essential oil was able to inhibit the growth of S. mutans and able to reduce biofilm formation, 

with the main component of oil being limonene (48%) (Sun et al., 2018). Geraniol is an aliphatic 

monoterpene. Several studies have reported that geraniol has several pharmacological activities, such as 

anti-diabetes, anti-inflammatory, and antibacterial activities. The mechanism of geraniol is its ability to 

adhere to the lipids of the cell membrane of microorganisms, interacting with components contained in 

the lipids of the cell membrane to cause cell membrane to be more permeable which ultimately damages 

the structure of the microorganism cell membrane (Lira et al., 2020). The citronellal content of 

andaliman fruit essential oil is associated with its antibacterial properties. Citronellal, the primary 

component of Cymbopogon nardus essential oil, possessed antibacterial activity against S. mutans at a 

concentration of 25%, according to research by (Kamal, Ismail, Arief, & Ponnuraj, 2020).  
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The Synergistic Effect of Z. acanthopodium DC Fruit Essential Oil with Erythromycin 

The synergistic effect of Z. acanthopodium fruit essential oil and erythromycin against S. mutans and S. 

pyogenes was evaluated using the checkerboard assay. FICI values were used to interpret the 

interactions. The results showed that Z. acanthopodium DC fruit essential oil generally reduced the MIC 

value of erythromycin against S. mutans and S. pyogenes, with a decrease ranging from 4 to 32fold. As 

shown in Table 3, Combining Z. acanthopodium DC fruit essential oil and erythromycin produced a 

synergistic effect. The EO in combination with erythromycin demonstrated a synergistic effect (FICI ≤ 

0.5) for all tested bacteria at a sub-MIC. Sreepian et al. (2022) reported that the combination of Citrus 

aurantifolia fruit peel essential oil from the Rutaceae family showed a synergistic effect when combined 

with gentamicin with a FICI value of 0.012-0.016 against methicillin-resistant S. aureus (MRSA). In 

another study reported by Magi et al., carvacrol, in combination with erythromycin, was able to reduce 

the MIC value of erythromycin against S. pyogenes by 2-2048fold (Magi, Marini, & Facinelli, 2015). 

Another study using a combination of cinnamon essential oil and chloramphenicol found that essential 

oil was able to reduce the MIC of chloramphenicol (2fold) against E. coli and produce a synergistic 

effect with FICI value ≤ 0.5 (El Atki et al., 2019).  

Table 3. Synergistic Effect of Zanthoxylum acanthopodium DC fruit Essential oil on antibacterial 

activity of Erytromycin against tested bacteria 

 MIC1 (mg/mL) MIC2 (mg/mL) FIC FICI Interpretation  

S. mutans  

Z. acanthopodium DC 

Essential oil  
2500 312.5 0.125 

0.375 Synergistic  

Erythromycin  250 62.5 0.25 

S. pyogenes 

Z. acanthopodium DC 

Essential oil  
2500 9.765625 0.0039 

0.0873 Synergistic 

Erythromycin  1.953125 0.16267 0.0834 

Data are presented as mean (n = 3); MIC1, MIC of one sample alone; MIC2, MIC of samples in combination; FIC, fractional 

inhibitory concentration; FICI, fractional inhibitory concentration index. 

Excessive use of antibiotics contributes to health problems in the form of antibiotic resistance 

(Panichayupakaranant, Septama, & Sinviratpong, 2019). One approach that can be adopted is a 

combination of antibacterial agents. Different combinations can enhance or help antibiotics work on 

their targets in bacterial cells, and some compounds work through different mechanisms. Synergism can 

increase the spectrum of antibacterial activity, minimize cases of antibiotic resistance, and reduce dose-

related toxicity owing to the lower concentrations or doses of both antibacterial compounds (Sanhueza 

et al., 2017). 
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CONCLUSION 

This study showed that the main components of Z. acanthopodium DC fruit essential oil are D-limonene, 

geranyl acetate, and -pinene. Z. acanthopodium fruit essential oil showed activity against gram-

positive bacteria and synergistic antibacterial activity when combined with erythromycin. These results 

suggest that a combination of herbal plants and conventional antibiotics could be an alternative therapy 

for treating bacterial infections. 
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